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Abstract 
Delays are common in construction projects and have been a subject of 
research for decades. Malaysia has been badly hit by this dilemma, especially in its 
public sector projects. Delay rates have been ridiculously high, affecting as many as 
80% (i.e. in 2009) of the projects. With the aim of being a world class industry by 
2015 and a developed nation by 2020, this phenomenon is definitely not a good sign. 
However, there has seemed to be limited concern on this problem based on the 
scarcity of studies related to local public sector delays. Another common picture of 
the industry is the “blame-game” that is played out almost every time a failure 
occurs. The past studies in the area of delay have taken quite a rigid approach, mostly 
focusing on the list of contributors, thus these studies have failed to identify their 
underlying causes and to make delay more manageable. The criticisms surrounding 
the construction industry have led to calls for more contemporary and revolutionary 
practices and two famous government reports (Latham, 1994 and Egan, 1998) have 
encouraged organizations to embrace Supply Chain Management (SCM). The 
increasing complexity, stakeholder requirements and competition within the sector 
further supports the need for a more collaborative approach, which is among the 
fundamentals of SCM. Apart from promoting better relationships, integration, 
flexibility, innovation and continuous improvement, SCM has also been applied with 
considerable successes in several projects. It has also been proven to reduce delays 
and has replaced partnering in the UK. However, despite its clear importance, SCM 
implementations are still scarce and studies are still not taking a holistic approach. 
This may have resulted in poor SCM uptake as there is limited guidance on instilling 
the philosophy. 
This research was aimed at exploring the delay causes of Malaysian public 
sector projects, determination of systematic approach to the issues and at proposing 
an SCM framework to facilitate improvements. The concept of pathogens, which are 
latent conditions, was used to group the main delay factors towards solving their root 
causes. Consequently, beneficial SCM tools from literature were identified and used 
(together with tools suggested by industry practitioners) for development of a holistic 
framework to reduce delays in Malaysian public sector projects. The research 
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methodology comprised both quantitative and qualitative approaches. The 
quantitative method was in the form of questionnaire surveys undertaken on 111 
industry professionals involved in the delayed Ninth Malaysia Plan building projects. 
On the other hand, the qualitative methods involved four semi-structured interviews 
(including a preliminary interview). Statistical analyses were used on quantitative 
data, which included ANOVA, Kruskal Wallis, T-Tests and Mann-Whitney U to 
rank and identify the main delay contributors. Then, interviews were used to validate 
factor groupings as well as to develop and validate the final research framework. The 
interviews also presented opportunities for discussion to take place, as well as 
ensured responses that were based on the right understanding of all aspects. 
This study presented a framework that utilized beneficial SCM tools to reduce 
delays in Malaysian public sector projects. This framework presents beneficial SCM 
tools matched for reduction of distinctive pathogens and sub-categories of pathogens 
of delay. Findings showed that interactions between various parties have been the 
most affected area thus collaborative efforts played the biggest role in ensuring that 
proper commitment takes place. “Joint efforts” enable improvement of many 
previously inefficient facets within the public sector projects, thus could possibly be 
the solution for approximately 75% of the delay predicament. However, it was 
important for parties to first share a common goal, which establishes the right team 
composition and further increases chances for the success of the planned team 
venture. Findings also further suggested that the concept of pathogen or latent 
condition better facilitate SCM application, as both view the project environment 
based on a “system perspective” and thus solutions could be better suited and 
coordinated. Findings therefore support the necessity for the Malaysian government 
to initiate SCM implementations towards revolutionizing current practices and 
shifting away from the inefficient conventional working traditions. Furthermore, as 
policy makers possess high influence over the industry, SCM receptiveness further 
supports the government to champion the initiative. 
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Glossary of Terms 
“5 FA combinations” was the phrase used to represent all of the following 
“extraction” and “rotation” combinations using Factor Analysis -  (1) “Principal 
Component” analysis with “Varimax” rotation (2) “Principal Component” analysis 
with “Direct Oblimin” rotation (3) “Principal Component” analysis with 
“Quartimax” rotation (4) “Principal Component” analysis with “Equamax” rotation 
(5) “Principal Component” analysis with “Promax” rotation. These were the only 
combinations suitable for further analysis while others were not (refer Table 5.8). 
The use of this phrase avoids repeting all combinations over and over again. 
Expert opinion refers to responds / opinions from the Malaysian construction 
industry practicing professional interviewed via preliminary interview (Interview A). 
These people have at least 20 years experience and therefore were considered experts 
of the industry.  
Major Interviews refer to interviews undertaken as the main instrument for 
achieving research objectives – the first interview to achieve objective number two 
while the second interview to achieve objective number three (refer Table 5.3 and 
sub-section 5.5.2 and 5.5.3 for details). 
Malaysian Peninsula refers to all states in Malaysia except for the states of Sabah 
and Sarawak which are in West Malaysia. The Malaysian Peninsula consists of 
twelve (12) states. 
Malaysian Public Works Department (PWD) is the Malaysian federal government 
department under the Malaysian Ministry of Works (MOW) and is in charge of 
construction activities as well as maintenance of public infrastructure. PWD projects 
are managed by a group of in-house professionals (i.e. engineers, architects and 
quantity surveyors) and outsourcings of professional services are also done to cater 
for high workloads. Being the one of the largest construction “project-based 
organisation” in Malaysia, PWD is the project implementing body for ministries (i.e. 
Ministry of Health, Ministry of Education, Ministry of Higher Education and 
Ministry of Defence), federal and state government (Abdul-Aziz & Ali, 2004).  
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Minor Interviews refers to interviews that were undertaken not as a major tool but 
rather a supporting instrument towards proper achievement of objective number one 
(refer Table 5.3 and sub-section 5.5.1 for details).  
Ninth Malaysia Plan (RMK9) is one of many five-yearly Malaysia Plans launched 
by the Malaysian government aimed at generating and improving wealth of the 
whole country. The first Malaysia Plan was from year 1966 to 1970 and from that 
point, consequent Malaysia Plans were launched until the most recent one, which is 
the tenth Malaysia Plan (2011 to 2015). The Ninth Malaysia Plan was the most 
recently completed Malaysia Plan which covered the period of 2006 to 2010. A total 
of RM 220 billion was initially allocated through this plan (CIDB, 2008), which was 
then distributed in areas such as infrastructure, health, environment, agriculture, 
education, culture, art and heritage.  
Pathogens have been described by Reason (1990) as latent conditions and remain 
hidden in a system until a blunder or mistake arises. In lay-man term, it could be 
described as “underlying cause” or “root cause” of a problem.  
Pre-construction phase refers to the period before actual construction activities are 
carried out at site. It starts from the initiation stage until the award of tender.    
Project delay refers to extension of time beyond the originally planned period. 
Research final framework refers to the validated “framework that utilizes 
beneficial SCM tools to reduce delays in Malaysian public sector projects” (refer 
Table 7.5). 
Ringgit Malaysia (RM) refers to the Malaysian currency. 
Supply Chain Management (SCM) is an innovative and revolutionary managerial 
approach which involves a working culture change and a voluntary initiated 
agreement for integration and synchronization of two or more inter-dependent 
members within variety organization level and boundaries as well as range of inter-
linked construction life-cycle processes (initiation to handover). It promotes joint 
effort and strategy on all activities which are underpinned by mutual trust, 
responsibility, benefit and risk sharing based on a long-term perspective on 
relationship. Value is achieved through optimization and management of processes, 
resources, core competencies, talent, information, power and technology within the 
supply chain towards accomplishment of a set of shared objective and goals, enhance 
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competitive advantage, breaking down any discontinuities and meeting distinctive 
client needs. Consequently, jointly agreed benchmarks, targets, expectation and 
values are put in place for continuous improvement efforts and are supported by 
aligned incentive schemes towards sustaining the endeavour. 
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Chapter 1: Introduction 
1.1 RESEARCH BACKGROUND 
Project success has always been an important goal of the construction industry. 
While perception about project success may differ between parties, timely 
completion has generally been recognised as one of main measures of success. Time 
is of the essence in construction, is clearly specified in contracts and leads to severe 
condemnation if not adhered to. However, the dynamic, multi-discipline and 
uncertain nature of the industry has made on-time project completion increasingly 
more difficult to achieve (Wright, 1997). 
Over the past years, Malaysian public sector construction projects have been 
underachieving in terms of time performance leading to complaints from the public, 
lack of satisfaction, loss to the government and poor contribution of the sector to 
country’s gross domestic product (GDP). Many initiatives have been taken to 
overcome this problem such as modifications to traditional practices, private 
initiatives and concession agreements; nevertheless the outcome has been 
unsatisfactory.  Among the common predicaments of Malaysian public sector 
projects are that it is fragmented, adversarial / arms-length in relationship, lacking in 
trust, poor in bureaucratic practice, lacking in planning, full of disputes, “win-lose” 
arrangements, opportunistic behaviours and lack of job continuity. These problems 
clearly show that there is a major deficiency in the industry and that the domination 
of traditional practices has led to an unhealthy working environment which has 
hindered success. This situation therefore calls for a clear need for a paradigm shift 
in the way project and supply chains are managed towards improving success rate of 
Malaysian public sector projects. 
Due to the incessant problems in construction projects, Supply Chain 
Management (SCM) has been suggested as the way forward by many researchers 
(Egan, 1998; Love et al., 2004; Strategic Forum, 2002). Although it was initiated by 
the manufacturing industry, it has been shown to be applicable to construction 
projects. Its benefits in improvement of adversarial relationships, resolution of 
disjointed issues, increase in harmonious working relationship, and creation of an 
effective risk management have been well documented. These can be achieved, 
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among others, through the uptake of best practices and values; win-win 
arrangements; creation of trust and mutual goals; and encouragement of innovation 
and continuous improvements. This gives an extra edge over traditional practices to 
make the industry more productive through timely completion. The ability of SCM to 
reduce delay has also been well recorded in several United Kingdom (UK) projects 
and recommended as a good public sector initiative. Nevertheless despite its benefits, 
the uptake has been minimal. Based on the past proven successes and benefits of 
SCM, there is great optimism that it could perhaps be a good system to emulate in 
improving delays in Malaysian public sector projects. Therefore, the present research 
project was aimed at adopting this practice by proposing beneficial SCM tools 
towards reducing delays in Malaysian public sector construction projects. A 
framework was developed which then underwent a validation process by experienced 
industry practitioners.  
 
1.2 PROBLEM STATEMENT 
Project delay is a common scenario and has been consistently occurring at a 
high rate (e.g. Zain Al-Abedien, 1983; Al-Sultan, 1987; Odeyenka & Yusif, 1997; 
Assaf & Al-hejji, 2006). Similarly in Malaysian public sector projects, delay is a 
common scenario and may have worsened in recent times. This problem has 
manifested in the underachieving Malaysian construction industry (CIDB, 2009). A 
study by Sambasivan & Soon (2007) showed that 17.3% of Malaysian public sector 
projects in 2005 were sick projects (more than three months delay or abandoned). 
This problem seemed to have deteriorated since Joshi (2009) reported an 80% delay 
rate and Abdullah et al. (2010) recorded an alarming 90% delay rate in projects 
handled by a major government agency known as Majlis Amanah Rakyat (MARA). 
As a result, the industry’s GDP contributions had shrunk from 3.3% to 2.5% from 
year 2000 to 2007 (CIMP, 2007) as well as contributing roughly 15 times less 
compared to other services sectors (Ibrahim et al., 2010). 
Realizing the severity of projects delays, research worldwide tried to shed light 
on the industry’s problem.  (e.g. Mansfield, 1994; Assaf et al., 1995; Chan & 
kumaraswamy, 1997; Mezher & Tawil, 1998; Al-Moumani, 2000; Odeh & 
Battaineh, 2002; Frimpong et al., 2003; Assaf & Al-Hejji, 2006; Sambasivan & 
Soon, 2007; Al-Kharashi & Skitmore, 2009)  Despite the significant roles of the 
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Malaysian construction industry in improving the life of its people, wealth-
generation for the nation, realization of the government’s socio-economic policies 
and in creation of a multiplier effect on other industries; studies on the problems of 
Malaysian construction industry (MCI) are scarce (Ibrahim et al., 2010) and even in 
the few research studies that were undertaken (e.g. Pratt, 2000; Abdul Rahman et al., 
2006; Sambasivan & Soon, 2007), none of them had specifically targeted 
government projects. Therefore, there was a need to cover this aspect if any 
improvement was to be expected.   
Past delay studies have also been criticized for taking ineffective approaches 
by missing out the underlying reasons (AlSehaimi et al., 2012). Others found that 
“blame-game” was a common pattern when projects exceed planned time (e.g. Al-
Khalil & Al-Ghafly, 1999; Al-Kharashi & Skitmore, 2009). This adversarial picture 
not only does not solve the problem, but could lead to disputes. There are close inter-
connections between construction processes (Love et al., 1998a) thus it is important 
that they are viewed as a system and everyone is accountable for the project 
performance. This therefore calls for a new approach to categorize delay contributors 
which could influence practices and lead to solutions. Busby & Hughes (2004) 
introduced the term “pathogen” for failure-related studies, which are also known as 
underlying conditions that are hidden in the system until evidence of failures. This 
means that problematic project routines that have yet to cause problem or failures are 
continuously being practiced, thus parties keep getting exposed to risks of error. 
Their identification therefore enables the stopping of future occurrences of similar 
mistakes by tackling right from the roots of it thus in construction, Love et al. (2008) 
considers it the principal step towards process stability.     
Many of the industry’s failures (i.e. delay) have been blamed on the inefficient 
traditional approaches (Munns & Bjeirmi, 1996) which have dominated the 
Malaysian industry (Rowlinson, 1999) thus causing fragmentation and unpleasant 
personality characteristics among participants (CIDB, 2009). Furthermore, 
production of unnecessary waste, errors and conflicts (Love & Sohal, 2002) has also 
been experienced as result of the inefficient system. Realizing the urgent need to 
revolutionize practices, Malaysian government initiatives have been launched, 
ranging from individual plans (i.e. privatization) to periodic (i.e. five yearly Malaysia 
Plan) and even long-term plans (i.e. Construction Industry Master Plan (CIMP) 
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2006-2015). The critical need for timely completion was in fact manifested in the 
most recent Malaysia Plan (i.e. 10
th
) which covers year 2011 to 2015 through a “zero 
delay” agenda (Abu Mansor, 2010) while the CIMP aimed to raise the Malaysian 
construction industry to the same level as their developed nation counterparts (CIMP, 
2007). However, with respect to the recent time performance (i.e. 80% delay in 
2009) and the fact that the CIMP is approaching the second half of the plan, the 
marked objectives seem out of reach; similarly this applies to the “zero delay” target. 
Initiatives through modern practices have also not been carried out appropriately and 
are highly influenced by the conventional system (e.g. Jayaseelan & Tan, 2006; Nawi 
et al., 2010) while the CIMP is lacking innovative practices (Hamid & Kamar, 2010) 
which means that local practices are still fashioned by traditional mentality (Abd 
Shukor, et al., 2011) thus outcomes have been very minimal. These scenarios further 
suggest that current practices are no longer applicable and therefore a more 
contemporary approach is needed. 
The needs to shift current practice have received awareness worldwide 
(Pearson, 1999; Vrijhoef & Koskela, 2000) and SCM has been recommended as the 
way forward in many studies (e.g. Egan, 1998; Barker et al., 2000; Strategic Forum, 
2002; Love et al., 2004). SCM prescribes organizational restructuring and extending 
achievement throughout organizations. It is a philosophy that proposes improvement 
on the organization’s operation by including the elements of integration, 
coordination, communication, and information and control systems to create more 
value out of every process. In SCM, firms cannot be self-sufficient, thus 
collaboration has been described by Horvath (2001) as a “key driver” of SCM. The 
benefits of SCM for construction performance have been proven (see Turner, 1993; 
Stanford et al., 1999; Dubois & Gadde, 2000; Horvath, 2001; Cheng et al., 2010) as 
well as for effective project management (Love et al., 2004). The essential values of 
SCM have begun to be understood (Akintoye et al., 2000, Love et al., 2000; Dainty 
et al., 2001), which has led to implementation of tools on a number of projects, such 
as those by Tarmac and Balfour Beatty (Pierson, 1999), which have been successful 
in reducing delay in other applications (e.g. Brady et al., 2006; Potts, 2009).  
This research therefore attempted to infuse SCM to assist delay reduction in 
Malaysian public sector construction projects by developing a framework that 
proposes wide-range beneficial SCM tools, specifically linked to addressing those 
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particular problematic areas in their project management that have been causing the 
delay. This framework is important as past government plans seemed inept in 
implementing the concept thus there has been a shortage of contemporary strategies. 
SCM has also been recognized as a good public sector initiative (e.g. London et al., 
1998; London & Kenley, 1999; Saad et al., 2002; London & Chen, 2006) thus there 
is a greater optimism that the framework could be useful for them to strategize delay 
reduction in their future projects. Backed with past proven benefits and recorded 
successes, similar could be achieved by the Malaysian sector.  
 
1.3 RESEARCH QUESTION 
Section 1.2 has shed light into the issues surrounding the construction industry 
in general as well as the Malaysian perspective in specific. Further analysis has also 
highlighted shortcomings and gaps from previous studies which require further 
attention towards better improving project performances. Therefore, based on the 
problem statements, this research has come up with the following research questions: 
1. What contributes to the delay in Malaysian public sector projects? 
 What are the main reasons for delays in Malaysian public sector projects? 
 What are the root causes of delay in Malaysian public sector projects? 
  
2. What is needed for improvement of the current scenario? 
 What is wrong with the current practice? 
 How can these problems be improved? 
  
3. How can SCM cater for the delay problems? 
 How can SCM reduce delays in construction projects? 
 What are the beneficial SCM tools that can be applied to reduce delays in 
Malaysian public sector construction projects? 
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1.4 RESEARCH AIM AND OBJECTIVES 
By answering the research question, this research aims to develop a framework 
that utilizes beneficial SCM tools to reduce delays in Malaysian public sector 
construction projects. In order to accomplish this aim, the following research 
objectives were achieved: 
1. To establish the nature of delays, rank the causes and identify their main causes 
in Malaysian public sector construction projects. 
2. To group the main delay causes in the Malaysian public sector construction 
projects into pathogens and sub-categories of pathogens.  
3. To identify the beneficial SCM tools and develop a framework utilizing these 
tools to reduce delay in Malaysian public sector construction projects. 
 
1.5 SCOPE OF RESEARCH 
This research only focuses on problems / factors in the pre-construction stages 
that lead to delay to the whole project. Additionally, focus is also made for delayed 
building projects carried out within the Malaysian Peninsula only, under the 9th 
Malaysia Plan (RMK9), which covered the years 2006 to 2010 for projects with the 
value of RM20 million to RM50million. Further details on the research scope are 
presented in Section 5.4. While the developed framework may be generalized on 
other projects or different countries, further modification would be necessary to 
better ensure appropriateness in different environments. 
 
1.6 SIGNIFICANCE OF RESEARCH 
The construction industry is one of the most important sectors for the country. 
It plays a significant role in generating job opportunities, nation’s wealth, 
development, translating the government’s socio-economic policies as well as 
creating multiplier effects on other sectors such as manufacturing, services and 
professional services (CIMP, 2007). Poor performance of the construction industry 
affects its GDP contributions, the industry’s image as well as affecting investors’ 
confidence. 
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The Malaysian government has expressed its ambition to improve the industry 
performance through many initiatives such as privatisation, partnering, Industrialized 
Building System and many more. Periodic Plans (i.e. the Malaysian Plans) as well as 
long term plans have also been among the government’s agenda but these have yet to 
solve the delay dilemma. The research framework developed in this study would 
provide a guide towards better utilization of best practices and SCM tools into the 
work practices of the industry. With proven benefits and success cases in SCM 
implementation, it is anticipated that the framework can provide a lot of assistance 
for better time performance. The framework can also be further improved, modified 
and upgraded to suit projects of a different complexity level. Better performance of 
the industry would translate to better contributions to GDP, consequently making 
positive multiplier effects on other industries which are dependent on this sector. 
Better public sector performance also would benefit the general public. 
 
1.7 RESEARCH CONTRIBUTIONS 
This research contributes to both the body of knowledge and the construction 
industry. 
1. Contribution to body of knowledge 
 Establishing main delay factors at pre-construction stage that ultimately leads 
to delay in the Malaysian public sector projects. Past research has been short of 
studying inefficiencies in pre-construction activities, which affects proper 
completion. Furthermore, contribution is also made with regard to delay 
literature concerning Malaysian public sector projects.   
 Proposing a new and more systematic approach to delay studies by looking at 
their latent constructs known as the pathogens. Past research fell short in 
identifying underlying causes of delay. Pathogen-related research also has yet 
to look at the perspective of project delays. 
 Developing a holistic SCM framework that proposes a wide range of SCM 
tools to solve delays in Malaysian public sector projects. Past research has 
fallen short of a comprehensive SCM framework and developed models have 
yet to address particular industry deficiencies (i.e. delay). 
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 Discovery of two new SCM tools namely “Joint Policy Review” and “Joint 
Research and Development Program” further enhances SCM literatures. 
 
2. Contributions to construction industry 
 The framework could help the Malaysian public sector to strategise delay 
reduction in their projects through SCM. It also could provide a guideline for 
them to implement SCM tools in future projects. 
 With some modifications, the framework could also benefit other projects of 
different value, nature, type of organization and even other countries. 
  
1.8 RESEARCH METHODOLOGY 
This research used a combination of quantitative and qualitative method 
towards achieving the objective and aims. These involved one round of survey and 
four semi-structured interviews. Research started with a preliminary interview on six 
industry experts (two consultants, two clients and two contractors) with at least 20 
years’ experience, to supplement parts of the literature reviews. A total of 367 
questionnaire survey forms were distributed and 111 complete and usable ones were 
received, yielding a response rate of 29.52%. Further to that, another interview was 
undertaken on three industry professionals (one contractor, one client and one 
consultant) with at least 10 years’ experience, as part of completing statistical 
analysis. Later, two more interviews were done on fifteen industry professionals with 
at least 10 years’ experience, towards developing and validating the research 
framework. Statistical analysis including one-way analysis of variance (ANOVA), 
Kruskal Wallis, T-tests, Mann-Whitney U and Factor Analysis were used on 
numerical data while content analyses were applied on interview results. 
 
1.9 THESIS OUTLINE 
This thesis consists of nine chapters and could be summarized as follows:  
Chapter 1 is an introduction to the thesis, presenting the research background, 
key issues and industry problems that support this research proposition. Further, 
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research questions and objectives were presented, methodologies used were 
explained, as well as was the significance and contribution of this research; finally a 
summary was made. 
Chapters 2 to 4 explored literature reviews and past studies relating to this 
research. Aspects covered including project delays and past research in relation to it; 
an overview of the Malaysian construction industry, their problems and the 
initiatives taken; consequently studying and justifying the need to change current 
practices; and a detailed outlook into SCM, its definitions, past related studies, its 
implementation potential and the available tools. 
Chapter 5 is the methodology chapter. It explains all methodology and 
approaches that were used in this research on both qualitative and quantitative 
methods. Justifications were also made on selection of instruments, sampling 
approach etc. Further to that, data analysis approaches were also explained in detail. 
Chapters 6 and 7 are the data analyses chapters for both questionnaire and 
interviews. Detailed and step-by-step explanations are provided for both the data and 
findings that were presented. 
Chapter 8 discusses findings on all analysed data while Chapter 9 concludes 
this research by looking into key findings, contributions made, limitations 
experienced as well as a proposition for future research. 
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Chapter 2: Construction Project Delay 
2.1 INTRODUCTION 
This section aims at exploring construction project delay in greater detail and 
consequently justifying the approach taken for this research. It starts by exploring 
aspects concerned in measuring a successful project, looking at diverse perspectives 
that could differ depending on organizational priorities. This section then further 
explored aspects of delay looking into the types, its contributors and how it affects 
the different aspects of the industry based on a detailed study of past research works. 
Then, a proposal was made for a better approach to delay studies through adoption of 
the concept of “pathogen” which has previously been used on a few other failure-
related studies. Pathogen refers to latent constructs that are usually unidentifiable 
until problems occur. This approach was also further explored and justifications were 
made for its adoption; and lastly the chapter was summarized. 
 
2.2 PROJECT SUCCESS 
Assessing project outcome has been a very important issue to everyone 
involved in a project (Cleland, 1986; Kerzner, 1994). According to Sanvido et al. 
(1992) success criteria often changes depending on the participants, work scope, 
project size, sophistication of owner, technological implications, perception, 
expectation of the project stakeholders and many other factors. This is because 
different projects and groups of stakeholders have different sets of goals to be 
accomplished and that serves as a standard to measure performance. As a result, it 
has been a challenging task to comprehensively define project success.  
Tuman (1986) gave two strong points in defining project success and that was 
to achieve the planned objectives and delivering them in a timely manner. De Wit 
(1986) had a different view of construction success by stressing more on the projects’ 
technical and mission performance and whether there is a high level of satisfaction 
among the key stakeholders. Navarre & Schaan (1990) also highly weighted the 
aspects of project performance besides time and costs while Ashley et al. (1987) 
believed that a successful project should achieve beyond the expected cost, time, 
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quality, safety and project team satisfaction. While success measures could differ 
from one project to another (Parfitt & Sanvido, 1993), it has been generally accepted 
that the major goal in a project is accomplishment in accordance to the pre-set time, 
cost and quality measures (Chua et. al., 1999; Chan & Chan, 2004). These factors 
have been consistently manifested in virtually all studies on project success, for 
instance in Belassi & Tukel (1996), Hatush & Skitmore (1997) and Walker (1995, 
1996) thus were promoted as the “Iron Triangle” and “Eternal Triangle” by Atkinson 
(1999) and Newcombe (2000) respectively. 
On the other hand, Pinto & Pinto (1991) believes that project success 
measurement should also include contentment of interpersonal relationship among 
project entities, while the absence of legal claims was deemed to be part of a success 
indicator by Pocock et al. (1996). Kometa et al. (1995) on the other hand took a 
broader view to access project success by including aspects of safety, construction 
economy, maintenance cost, time and flexibility to users in its criteria.  
Shenhar et al. (1997) separated project success assessments into four time-
reliant dimensions which were – (1) while carrying out works up to its full 
completion; (2) the period after the project has been handed over the client; (3) 
within one to even many years after handover; based on the level of sales made; (4) 
up to five years after completion. Atkinson (1999) also took similar approach by 
introducing three stages for measurement namely “the delivery stage: the process: 
doing it right”, “post-delivery stage: the system: getting it right” and “the post-
delivery stage: the benefits: getting them right” (p. 339-340). 
Other than that, Lim & Mohamed (1999) evaluated project success based on 
two viewpoints namely the macro viewpoint which aims at answering the question of 
“Is the original project concept achieved?” (p. 244) which could only be answered at 
the operational phase of the project while the micro viewpoint looks into the other 
smaller aspects which usually come in after the project has been completed (i.e. did 
the project satisfy everyone?).  
Overall, it can be summarized that while numerous definitions had been 
offered by academician and industry practitioners, there was no agreement of what 
project success really means. Differing perceptions have led to no definite 
explanation of project success. It is believed that each project stakeholders will have 
their own viewpoints of success (Sanvido et. al., 1992; Shenhar et al., 1997; Lim & 
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Mohamed, 1999; Chan et. al., 2002) which depend on their expectations from the 
project. It has also been apparent that there are some distinctive features associated 
with every project stakeholders which are beyond the normal measures of success. 
For instance, safety issues may be the contractor’s priority while consultants may be 
more concerned with increasing their professionalism level. The enthusiasm to obtain 
potential repeat businesses with other clients of similar project nature affects the way 
organizations weight each of the success criteria. Therefore, there could never be a 
single list of factors or definitions that could totally depict or indicate what project 
success really is and how it could be measured. This could change depending on 
perspectives, a firm’s objectives and the stakeholders’ priorities in a project. 
However, despite the many definitions made, it has generally been accepted that the 
major goals in a construction project are within the “Golden Triangle”, which are 
budget, schedule and quality achievements.  
 
2.3 CONSTRUCTION PROJECT DELAY 
2.3.1 Introduction 
In today’s world, timely completion has been a big concern in construction 
projects. As the common saying goes, “time is money”, and delay will lead to loss in 
terms of income from the facility especially with regard to private clients. For the 
government, delay affects their budget planning and allocations. Construction is a 
unique industry as compared to other industries due to its multiparty involvement 
and its exposure to numerous unexpected factors. Therefore, a team of highly skilled 
and dedicated team members is required to carry out pre-set tasks towards mutually 
agreed objectives.  These objectives may be hampered if the contractor fails to 
achieve the predetermined completion time (Ndekugri, 1994). 
Due to the fact that timely completion is very essential in a project, it is very 
important to first know what delay really means, what it is all about and how a 
project is determined as delayed. Therefore, many definitions have been presented by 
researchers and industry practitioners with regard to this term. A common tenet is 
that delay refers to the extended completion time beyond what have been pre-
planned by the contractor (Kaming et al., 1996). Another view is that a construction 
project in considered delayed if it failed to meet its completion date without taking 
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into account whatever happened to the plans during the construction period (Turner, 
1989). Therefore, in short, construction delay could generally be defined as failure 
for a project to meet its pre-set/original time-line. However, considering the multi-
entity nature of the construction industry and the fact that each discipline is inter-
related to each other, the blame for delay should be held by all the project parties and 
not the contractor alone.   
 
2.3.2 Types of Delay 
Due to the nature of a construction project that involves so many parties such 
as the client, contractor, supplier and manufacturer, delay raises issue of who should 
be held responsible and liable.  Considering the adverse effect of delay, every party 
would, as much as possible, try to avoid being held accountable. Delay is the major 
cause for claims in construction and when it happens, claims will emerge from the 
different parties. Therefore, it is very important to know the types of delay for better 
justification of the right to claim. Previously, construction delay was divided into 
three types by Kraiem & Diekman (1987), namely, excusable delays, non-excusable 
delays and compensable delays. Later, Kelleher et al. (2011) added concurrent delay 
to the list. 
Excusable delays are generally those which are beyond the contractor’s control 
and are not attributed to their negligence or fault for instance, force majeure, 
inclement weather conditions, and unforseen site conditions. According to Alaghbari 
(2005), in most cases, this type of delay usually allows time extension (EOT) for the 
contractor but without extra payment. Therefore, in order to control the number of 
days EOT are granted, there would usually be a clause in the contract that specifies 
types of excusable delays.  
On the other hand, non-excusable delay is totally the fault of the contractor due 
to his negligence, fault or carelessness, for example material shortage when needed 
during construction or failure by contractor to facilitate nominated sub-contractors. 
This type of delay provides no basis for recovery, either in time or fiscal terms 
(Alkass et al., 1995 and Alaghbari, 2005). Instead, the contractor will be held liable 
to pay liquidated ascertained damages (LAD) to the client.  
 Chapter 2: Construction Project Delay 15 
A delay that allows a contractor to claim both time extension and monetary 
compensation is called compensable delay (Kaming et al., 1996, Neodox Ltd v 
Swinton and Pendlebury Borough Council, 1958 and Alaghbari, 2005). This type of 
delay is due to the owner’s fault either through breach of contract or their failure to 
act/respond in a timely manner; for example incomplete drawings and specifications 
(Alaghbari et al., 2007).  
Lastly, concurrent delay is the event where two or more types of delay happen 
at the same time or overlap to a certain extent (Alkass et al., 1995; Alaghbari 2005). 
Even if one of the concurrent events is relevant, the contractor is still entitled for 
EOT even though the others are not relevant (Fong, 2004). According to the same 
author (Fong, 2004), these types of delays are those that occur, at least to some 
degree, during the same period of time. This situation occasionally happens in a 
construction project and often creates confusion especially in term of granting the 
right EOT period, which sometimes leads to legal issues. 
 
2.3.3 Causes of Delay 
Time overrun in construction industry could be the result of many factors and 
consequences, the origins of them can be quite difficult to generalize. However, 
according to Carnell (2005), the majority of the delay cases emanate from the failure 
to map and evaluate possible occurrences and end results. The critical problem of 
delays in the construction industry has led to numerous studies being done to 
elucidate their causes.  
Mansfield (1994) carried out a study on major factors causing delay and cost 
overrun in Nigeria from the clients, contractors and consultants’ points of view and 
identified that the main attributes of this problem were poor payments, poor contract 
management, shortage in materials, wrong estimates and fluctuations in project 
resources. At a later date, research by Chan & Kumaraswamy (1997) found that poor 
site management and supervision, unforeseen ground conditions, slow decision 
making by project participants, client initiated variations and necessary variations of 
works were the five most significant delay factors in Hong Kong construction 
projects. From the Malaysian client, contractor and consultant perspectives, 
Sambasivan & Soon (2007) spotted that most delays were the contractors’ fault 
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where the top three-out-of-five most important factors were related to them i.e. 
improper planning, poor site management and inadequate experience. The client’s 
fault was mainly their finance and payment problems while the cause that was ranked 
fifth was problems with subcontractors. On the other hand, Mezher & Tawil (1998) 
looked into the Lebanon perspective and recognized that subcontractor’s financing 
and scheduling were the main delay causes in the eyes of the client. The contractor 
blamed the contractual relationship and design changes by owner, while the 
architect/engineer believed project management and shop drawings were the top 
causes.  
There were also studies that focused on certain types of project for example, 
quantitative research by Frimpong et al. (2003) on delay and cost overrun in Ghana 
groundwater construction projects identified that the main causes were payment 
difficulties by agencies, poor contractor management, bad material procurement, 
poor technical performance and material price escalation. Another study was on main 
delay causes in Saudi large building projects by Assaf et al. (1995), who discovered 
that shop drawing preparation and approval, contractor’s delay, delayed payment and 
design changes were main delay factors from the contractor’s point of view. The 
architect/engineers believed that financial difficulties, subcontractor’s relationship 
and owner’s slow decision making were mostly to blame; while the client puts the 
blames on design errors, labour shortages and unskilled labour. On the other hand, all 
parties (i.e. client, contractor and consultant) had only one common agreement on the 
main cause of delay in Saudi Arabia’s large construction projects, which is the 
change order by owner during construction (Assaf & Al-Hejji (2006).    
In the year 2002, Odeh & Battaineh decided to investigate  a different angle of 
delay causes by focusing only on projects adopting traditional contracts with further 
attention given only on the contractor’s and consultant’s point of view. A common 
opinion was obtained from both respondent groups namely owner interference, 
inadequate contractor experience, fiscal issues, low labour productivity, slow 
decision making and improper planning were identified as among the top ten most 
influencing factors.  
In addition, there were also investigations which placed special attention on 
public sector projects. Al-Moumani (2000) studied 130 public projects in Jordan to 
identify what contributes to their delay problems and found out that most problems 
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are related to the designers, user changes, weather, late deliveries and economic 
conditions. On the other hand, recent research by Al-Kharashi & Skitmore (2009) 
proved that the most recurrent delay contributors in Saudi’s public sector 
construction was the client’s financial problem leading to delayed payments; and this 
was agreed by all respondents (i.e. client, contractor and consultant). 
Amazingly, despite numerous studies conducted for decades in relation to 
delays in construction projects, very few had targeted the public sector projects and 
none of them had looked into the Malaysian perspective, which motivated the present 
study to be carried out. Despite the existence of a number of different parties in a 
project, most causes were derived from a rather rigid perspective of the client, 
consultant and contractor. The result could be deemed to be rather less 
comprehensive, considering the existence of numerous other supply chains (i.e. 
suppliers) that have fair amounts of contribution in a project. Therefore, this research 
aims to cater for the Malaysian public sector project perspective as well as adding the 
supplier point of view in the responses towards a more accurate and thorough 
finding. 
 
2.3.4 Effects of Delay 
Construction delay generally leads to many negative effects and is not limited 
to time and cost overrun alone. Extension of the construction period also leads to 
additional overheads for the contractor, which leads to loss of profit, and that equals 
opportunity cost (O’Brien, 1998). On top of that, loss of revenue by client could lead 
to possible legal action taken and if the client is the government, it could tarnish its 
reputation and cause inconvenience to the public. Even though this is not part of this 
research, the author believes that knowing the effects of delay could be a useful 
guide for the industry practitioners, to enable them to take a more serious initiative 
towards reducing its occurrence. Aibinu & Jagboro (2002) undertook quantitative 
research on the effects of construction delay on project delivery in Nigeria from the 
perspective of quantity surveyors, architects, engineers and contractors. They 
identified six effects of delay which are time overrun, cost overrun, dispute, 
arbitration and litigation and total abandonment. Studies by Sambasivan & Soon 
(2007) on causes and effects of delay in the Malaysian construction industry also 
identified the same six effects except that their studies catered for the client, 
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contractor and consultant’s points-of-view. Another investigation performed by 
Majid (2006) on causes and effects of delay in the Acheh (Indonesia) construction 
industry documented similar findings to the above two studies. However, common 
similarities from these three studies were that dispute was the third main effect of 
delay, after time and cost overrun. Time and cost overrun were obviously the top 
main effects of delay due to the clear relationship between “delay with time” and 
“time with money”. The main effects of delay were also found to be inter-related, 
considering time and cost overrun leads to loss of interest by parties involved, which 
eventually gives rise to dispute. Subsequently, disputes that are not well resolved, 
lead to possible arbitration and litigation. Total abandonment usually comes last 
when no possible solution is in sight. 
Other research on this area includes a survey done by Manavazhia & Adhikarib 
(2002) to investigate material and equipment procurement delays in 22 highway 
projects in Nepal. Their survey identified that organizational weaknesses, supplier 
defaults, governmental regulations and transportation delays were the main causes 
but their actual impact on project cost was only around 0.5% of total project budget.    
According to Al-Kharashi & Skitmore (2009), if the project client was from the 
government department, delay could affect their budget execution plans and also 
cause inconvenience to the public community.  The authors also reported that from 
the contractor’s view point, the delay causes longer construction period, which led to 
higher overheads and consequently risking the contractor to lose on opportunity costs 
as a result of their capital getting stuck in a project. 
In short, construction project delays not only pose an adverse effect on the 
project itself but also all the involving parties and organisations, which consequently 
can tarnish the participant’s reputation due to poor project performance. Beyond that, 
construction delay could also affect a country’s image, which could in turn make 
investors shy away, thus affecting its economy. Therefore, delay factors need to be 
accurately identified so that they can be proper and efficiently managed, thus 
reducing or eliminating their undesirable effects. 
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2.4 PATHOGENS OF DELAY 
2.4.1 Introduction 
As part of Malaysia’s aim to become a developed country by 2020, a wide 
range of mega infrastructures and development plans have been put forward by the 
government, for instance the new Penang Bridge and the Iskandar development in 
Johor. Complex projects are at higher risk of delays and cost overruns (Waldron, 
2006). Therefore, a systematic and effective method is needed in order to manage the 
delay problems. In the last two decades, numerous studies have been carried out on 
construction delay contributors, yet project delays are still common in both 
developed and developing countries; this shows that a better approach is required to 
accurately identify the contributors, and is thus the aim of the present research.  
To date, most studies on causes of construction delay have been focused on the 
perspectives of client, consultant and contractors, and “blame-game” was 
consistently observed.  It seems that the project parties tend to transfer delay blames 
and responsibilities to other parties (Al-Khalil & Al-Ghafly, 1999; Al-Kharashi & 
Skitmore, 2009). For instance, clients and consultants tend to blame contractors as 
the main contributor to delay and vice versa. Due to the nature of construction 
processes that are inter-related (Love et al., 1998a) and involve a multi-discipline 
team working together towards the same objective, the responsibility of delay should 
be the team’s responsibility, since each party undoubtedly contributes to the delay. 
For instance, many clients or consultants blame the contractor’s inadequate 
experience or an improper construction method as the cause of delay. However, if 
this factor is studied properly, it could also be the client’s fault for choosing the 
wrong contractor and also the consultant’s fault for providing an outdated method 
statement. Therefore, putting the blame on others does not offer any real solution. 
Love et al. (2008) suggested that in order to achieve a degree of process stability in 
construction, first and foremost is that the underlying latent conditions called the 
‘pathogens’, which contribute to a dispute, should be identified; thus this approach 
was chosen in the present study.  
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2.4.2 Project Pathogens 
Pathogens have been described by Reason (1990) as latent conditions and 
remain hidden in a system until a blunder or mistake arises. This term has been 
previously used as an analogy for the development of disease in organism; the 
pathogen usually remains unidentified by project participants, as to what sort of 
effects it has on the decisions made, and practices and procedures that have applied 
to a particular project (Busby & Hughes, 2004).   
According to Busby & Hughes (2004), the important values of pathogens are 
that as long as a problem or failure remains unclear or has not significantly affected 
the project participants, it will stay in the system until an actual failure occurs. 
Therefore, in most cases, even if a practice is incorrect, it is repeated from one 
project to another as long as it has not been found to cause project fail. For instance, 
the practice of allocating contingency sum (i.e. 5% to 10% of contract sum) to deal 
with project risk may be consistently practiced as long as they could get away with it. 
This practice could expose an organisation to risks that, if they occurred in other 
projects, may pose significant failure or loss. Delay has been described to be a 
common risk to a construction project (Turner, 1989), therefore failure to identify the 
latent conditions of delay (i.e. pathogens) would result in their perpetuation. 
Pathogens could arise due to a number of reasons, for instance, strategic 
decisions by top management (Busby & Hughes, 2004). Whether the decisions are a 
mistake or not, may be difficult to know considering that latent conditions could 
remain dormant in a system for a long period. If a wrong decision that was made has 
yet to be proven faulty, they would remain a fundamental part of everyday practice 
(Busby & Hughes, 2004; Love et al., 2008). However, considering the risks and 
uncertainties construction projects are exposed to, it would be best to minimize flaws 
in the system. 
Pathogens, once combined with active failures could cause the problems to be 
more significant (Love et al., 2008). Nevertheless, active failures are unpredictable in 
nature thus cannot be simply eradicated, while latent conditions are identifiable and 
could be treated before it leads to adverse consequences (Busby & Hughes, 2004). 
Busby & Hughes (2004, p. 428) has defined pathogens by a number of 
qualities: 
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 “They are a relatively stable phenomena that have been in existence for a 
substantial time before the problem occurs”. 
 “Before the problem occurs, they would not have been seen as obvious 
stages in an identifiable sequence failure”. 
 “They are strongly connected to the problem, and are identifiable as 
principal causes of the problem once it occurs”. 
 
According to Busby & Hughes (2004, p. 429) pathogens can be categorised as: 
 “Practice - Pathogens arising from people’s deliberate practices”. 
 “Task - Pathogen arising from the nature of the task being performed”. 
 “Circumstance – Pathogens arising from the situation or environment the 
project was operating in”. 
 “Convention – Pathogen arising from conventions, standards, routines and 
codes of practice”  
 “Organization – Pathogens arising from organizational structure or 
operation”. 
 “System – Pathogens arising from an organizational system”. 
 “Industry – Pathogens arising from the structural property of the industry”. 
 “Tool – Pathogens arising from the technical characteristic of the tool”. 
 
2.4.3 Adopting the Concept of Pathogen for Delay Studies 
While studies on delay have been many, their contributions on delay reduction 
have been rather poor. Perhaps, there is still research gaps not addressed used in 
those studies. In construction, pathogen identification is also considered to be the 
first step towards attaining process stability (Love et al., 2008). For that reason, not 
only the identification of latent factors of delay could avoid the risk of implementing 
similar mistakes over and over again, but also allows mitigation to be carried out 
from the root cause. Effectively scrutinizing delay causes can stop their future 
prevalence (AlSehaimi et al., 2012).  
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While research pertaining to delay pathogens does not exist, past research 
suggests that there is no exclusivity on using the term “pathogen”. Busby & Hughes 
(2004) investigated Pathogens of error by making sense of Reason’s (1990) model on 
accidents, and proposed eight pathogens. Later, Love et al. (2008) undertook a 
similar approach but in relation to project disputes they also adopted Busby & 
Hughes’ (2004) pathogen categorization, except that they did not sub-categorize 
them which Busby and Hughes did. This suggests that “pathogen” or latent 
conditions are just a concept that can be tailored to suit different area of research. In 
fact, Busby & Hughes (2004) believed that the concept is applicable for any failure-
related research; no doubt delay is one of them. In failure-sense, delay generally 
means failure to achieve targeted completion date.  
 Love et al. (2008) used pathogens of error in their research related to disputes, 
while this research applies them on delay, as dispute has relationship with delay. 
Thus this research would like to further explain how disputes can also relate to delay. 
In fact, there have been consistent research works suggesting that delay also leads to 
disputes (e.g. Aibinu & Jagboro, 2002; Majid, 2006; and Sambasivan & Soon, 2007). 
Numerous causes of dispute have been quite similar to delay factors (refer Table 
2.1), thus further supporting their strong relationship and the possibility of adopting 
the pathogens into this research. 
 
Table 2.1: Comparison between Main Causes of Disputes and Delay Contributors 
 
Author 
(Dispute 
causes) 
Factors contributing to 
dispute 
Similarity with delay 
causes 
Author  
(Delay causes) 
Waldron 
(2006) 
Variation to scope 
Change order by client 
during construction Sweis et al. 
(2008) 
Quality of design 
Mistakes and discrepancies 
in design document 
Contract interpretation 
Scope of work not well 
defined 
Al-Kharashi & 
Skitmore (2009) 
Availability of resources Shortage of labour 
Site access 
Delay to furnish and deliver 
site to contractor 
Extension of Time 
(EOT) claims 
Directly related to delay 
Site conditions Unforseen site condition 
Sambasivan & 
Soon (2007) 
Late, incomplete or 
substandard information 
Mistakes and discrepancies 
in contract document 
Obtaining approvals Delay in obtaining approval Faridi & El-
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from different government 
authorities 
Sayegh (2006) 
Yiu & 
Cheung 
(2006) 
Variation and delay in 
work progress 
Directly related to delay 
Expectations and inter-
parties problems 
Legal disputes between 
various parties 
Al-Kharashi & 
Skitmore (2009) 
Killian 
(2003) 
Project management 
procedures: change 
order, quality assurance, 
etc. 
Change order by owner 
during construction, Lack of 
quality management 
assurance/control by 
consultant 
Sweis et al. 
(2008), Al-
Kharashi & 
Skitmore (2009) 
Design errors: errors in 
drawing &specifications 
Incomplete drawing / 
specifications / documents 
Faridi & El-
Sayegh (2006) 
Contracting officer: 
knowledge of local 
statues, faulty 
negotiation procedures, 
etc. 
Inadequate experience of 
consultant, Major dispute & 
negotiations 
Al-Kharashi & 
Skitmore (2009) 
Contracting practices: 
contract 
familiarity/client 
contracting procedures 
Unrealistic original contract 
duration, type of 
construction contract 
Site management: 
scheduling, quality 
control, etc. 
Improper project 
scheduling, Lack of quality 
management 
assurance/control by 
consultant 
Colin et al. 
(1996) 
Payment and budget 
Late payment by owner and 
lack of finance by owner 
Al-Kharashi & 
Skitmore (2009) 
Quality 
Lack of quality management 
assurance/control by 
consultant 
Administration 
Poor site management and 
supervision 
Performance 
Inadequate design-team 
experience 
Assaf & Al-Hejji 
(2006) 
Delay and time Directly related to delay 
Negligence 
Mistakes during 
construction stage 
Sambasivan & 
Soon (2007) 
Diekmann 
& Girard 
(1995) 
Project uncertainty 
Weather conditions, 
unforseen site conditions 
Sambasivan & 
Soon (2007) 
Process problems 
Improper construction 
method, suspension of work 
by owner Al-Kharashi & 
Skitmore (2009) 
People issues 
Personal conflict among 
labour, Rigidity of 
consultant 
Rhys-Jones 
(1994) 
Poor management 
Poor site management and 
supervision 
Al-Kharashi & 
Skitmore (2009) 
Adversarial culture 
Rigidity of consultant, 
Owners personality 
Poor communication 
Poor communication by 
contractor with parties in the 
project 
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Inadequate design 
Unclear and inadequate 
details in drawings 
Economic environment 
Fluctuation in material 
prices 
Unrealistic tendering 
Selection of type of project 
bidding and award 
Influence of lawyers 
Legal disputes between 
various parties 
Poor workmanship 
Rework due to error/defect 
during construction 
Unrealistic client 
expectations 
Unrealistic contract duration 
and requirements 
Al-Kharashi & 
Skitmore (2009), 
Sambasivan & 
Soon (2007) 
Inadequate contract 
drafting 
Mistakes and discrepancies 
in contract document 
Sambasivan & 
Soon (2007) 
Hewitt 
(1991) 
Change of scope 
Change order by client 
during construction 
Sweis et al. 
(2008) 
Change conditions Weather conditions 
Delay Directly related to delay 
Disruption Owner interference 
Al-Kharashi & 
Skitmore (2009) Termination 
Frequent change of 
subcontractor 
Acceleration 
Unrealistic contract duration 
and requirements 
Al-Kharashi & 
Skitmore (2009), 
Sambasivan & 
Soon (2007) 
 
2.5 SUMMARY 
Project success has overwhelmed many researchers over the years 
(Abeysekera, 2007). This is understandable, considering the nature of construction 
projects which involve multiple-disciplines and thus have to satisfy numerous parties 
and organizations. Many initiatives have been taken to address this issue with studies 
conducted in the area of project management to investigate project success in relation 
to project types, project size and procurement selection. While measures of success 
could differ from one organization to another, timely completions have been 
generally accepted as among the important measures of a successful project. 
However, construction projects worldwide have generally been deficient from these 
aspects, which have led to numerous research studies being made to shed light on 
issues surrounding the problem. Studies have ranged from being nation-specific to 
project-specific and procurement type-specific, however very few have looked into 
the Malaysian perspective, especially in regard to public sector projects, which 
motivated this research to explore this area. On top of that, as an improvement to past 
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delay studies, the concept of “pathogen” is applied towards identifying the 
underlying causes, thus enabling solutions right from the root of the problem. The 
idea, while it is still very new, has been used in a few construction management 
studies and thus is viewed as a possible improvisation to the current approach on 
delays.  
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Chapter 3: The Need for Change in the 
Malaysian Construction 
Industry 
3.1 INTRODUCTION 
This chapter basically aims at presenting the problems in the Malaysian 
construction industry, identifying the needs for a change in practices and the way to 
go about this. It starts by first looking into the problems that have generally been 
surrounding the construction industry and how traditional practices have been 
causing poor performance for the industry. The following sub-sections look 
specifically into the Malaysian construction industry. An overview of the industry is 
first presented, which includes information such as statistics, government 
development strategies and allocations through the Malaysia Plans, before moving 
into the problems that have been surrounding the industry, the government’s 
initiatives and problems associated with those initiatives. After that, the need for a 
change in construction practices is established followed by the way forward, which is 
through Supply Chain Management.   
 
3.2 OVERVIEW OF PROBLEMS IN THE CONSTRUCTION INDUSTRY  
The construction industry has been heavily criticized for decades for its 
adversarial relationship, fragmented nature, lack of trust, conflict and disputes, poor 
customer/end-user focus and involvement. The ineffective management (Munns & 
Bjeirmi, 1996) is a result of inefficient traditional practices. This has resulted in the 
industry becoming resistant to improvement and innovation, exhibiting poor time and 
cost performance and being low in quality, productivity and satisfaction levels 
(Latham, 1994; Egan, 1998; Chan et al., 2003). These unproductive scenarios have 
been blamed for many of the industry’s inefficiencies such as waste in time, 
escalating cost, errors, and misunderstanding between builder and consultants (Love 
& Sohal, 2002).  
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The fragmented nature of the construction industry has been closely linked to 
its poor performance (Latham, 1994; Egan, 1998). This has led to lack of 
productivity, reduced value and decreasing client satisfaction (Latham, 1994). This is 
believed to be a result of several idiosyncratic characteristics of the industry’s 
outcome – special, inert and diversified, which basically draws back its fragmented 
characteristics (Morledge et al., 2009). As a result, subcontracting has been 
dominating today’s practice due to the insecurity felt by many main contractors in 
obtaining constant/repeat jobs, while at the same time they are obliged to fulfil many 
aspects of project facets and prerequisites (Cox & Townsend, 1998). This scenario 
causes congestion among the number of project participants, leading to further 
fragmentation, thus making coordination even harder. As a result, communication 
and information flow also gets disrupted leading to emergence of non-functional 
supply chains (Love et al., 1999). As traditional practices continuously change 
project team set-up from one project to another, (Dubois & Gadde, 2000), new 
learning curves are often forced to occur, which affects efficiency (Egan, 1998).  
Increased fragmentation leads to involvement of more supply chain members at 
lower levels. This involves second and third tier subcontractors and/or suppliers 
bidding for smaller packages of jobs in a project. Thus, there will be involvement of 
a higher number of lower than average valued transactions which certainly invites 
more opportunistic intentions (Morledge et al., 2009). Therefore, the adversarial 
relationships between construction supply chains are a result of the fragmented 
nature of them. Involvement of numerous parties combined with lower profitability 
levels resulting from subcontracted multiple small packaged jobs leads to defensive 
rather than cooperative behaviour. This scenario has hampered innovation and 
performance improvements within the industry as parties tend to transfer their risk to 
organisations at the lower tiers in an attempt to minimise theirs (Morledge, 2009). 
This has affected the efficiency and cost-effectiveness of projects as a result of 
conflicts and pressure points within the industry structure (Cox & Townsend, 1998).  
Unlike other industries such as manufacturing and production, which have a 
standard or similar output, construction projects can be described as one-of-a-kind 
since one project is different from another and a similar project can vary in 
challenges depending on many facets there are, such as locality, culture and 
economic environments. Different traits establish separate project-specific features 
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(Morledge et al., 2009) while project characteristics dictate who takes on the job and 
how resources are to be allocated (Gray, 1996). Therefore, different projects will 
have diverse needs, for instance, a defence project would require a team with higher 
skills compared to a school project; the same applies for the range of resources 
needed to complete the projects, for instance, the grade of concrete for a school 
project would be way lower than that used for a defence project. In recent times, off-
site productions such as Industrialized Building System and Pre-fabrication have 
started to replace many of the on-site works in an aim to improve efficiency, quality 
control and work speed. This shift also means that construction management 
becomes more complex with involvement of a variety of supply chains bringing 
added values to the construction outputs (Jones & Saad, 2003).  
One of the major problems in traditional project procurement is the separation 
of design and construction. Procurement is one of the most important aspects of 
construction, and according to Chua et al (1999), mistakes in decision making may 
cause a project to fail. Traditional procurement is the least time-effective option 
accessible to clients (Masterman, 1992; Chang & Ive, 2002), as well as the most 
complicated and inefficient (Rowlinson, 1999), and could cause trouble such as 
incomplete design document (Yates, 2002), inconsistencies between plan and section 
measurements (Ogunlana et al., 1996), increased risk of opportunistic behaviour and 
lack of early involvement by contractor (Scott, 2001). However, despite severe 
criticisms (Latham, 1994; Egan, 1998), focus on value is still lacking but instead, 
fiscal terms have been the main focus most of the time. In fact these practices are 
dominant around the world and competitive biddings remain the most popular 
procurement method (Griffith et al., 2003). This has therefore limited efforts for 
pursuing common goals (Scott, 2001), collaboration, trust-building, risk management 
and being customer-focused (Eriksson & Westerberg, 2010). Possibilities for 
innovations have also become impeded (Morledge et al., 2009) while timely 
completion gets affected by possible underpricing by contractors towards winning 
bids. 
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3.3 MALAYSIAN CONSTRUCTION INDUSTRY 
3.3.1 Overview 
Following independence in 1957, the Malaysian‟s construction industry 
developed initially through the inaugural economic plan (1956-1960). Since then, 
Malaysia’s construction industry has played a significant role in improving the 
community’s lifestyle, generated wealth for the country and contributed to the 
economic development of the nation. The Malaysian construction industries are 
generally made up of two different areas, namely, general construction works (i.e. 
building and civil works) and special trades (i.e. plumbing, electrical, etc) (Ibrahim et 
al., 2010). The industry, which rests among major sectors in the country, is very 
important for the nation’s development. Besides translating the government’s socio-
economic policies, it is also important for the growth of other sectors (CIMP, 2007), 
for instance, pre-fabrication of construction components could affect the 
manufacturing sectors while professional services are often required for expert 
advice and project supervisions.  
The construction industry remains among the most important sector for the 
nation’s economy and development; and that most of the capital formation comes 
from the industry (Lewis, 1955). Their outputs have been very high, recorded at 
RM7248 million, RM 7168 million and approximately RM 7350 million in the years 
2004, 2005 and 2006 respectively (Budget Report, 2006) (adapted from Ibrahim et 
al., 2010). Numbers of awarded projects have also been high in both public and 
private projects. According to CIBD (2012) a project at a total value of RM88.6 
billion was awarded in 2010 and that increased to RM 94.1 million the following 
year. According to reports by CIBD, projects in 2011 were dominated by both non-
residential and infrastructure projects at RM 34 billion and RM 30.2 billion 
respectively, while residential projects were slightly less at RM23.5 billion. These 
statistics reflect just how rapid the industry is moving and how the government aim 
is facilitating and transforming life of the people of Malaysia. On top of that, the 
government has also initiated a number of other billion dollar mega projects. Among 
them were Kuala Lumpur International Airport (KLIA), PETRONAS Twin Towers 
(KLCC), Putrajaya development project, the Multimedia Super Corridor (Ibrahim et 
al., 2010) and the South Klang Valley Expressway Project (CIDB, 2008). These are 
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very important projects which represent the important government plans towards 
transforming the nation into a developed country by 2020.  
Malaysia’s development efforts were initiated as soon as Malaysia achieved 
independence in 1957. Towards a well scheduled and planned program, the 
Malaysian initiative started with the initial and second five-yearly economic plans 
(i.e. 1956 to 1960 and 1961 to 1965 respectively) which only covered the twelve 
states of Peninsular Malaysia. Later, their further ambition was the manifested by 
including the other two states of west Malaysia into their new five-yearly plan called 
the “Malaysia Plan”. Each plan has different targets and transformation plans 
towards a continuous map and the ultimate aim, which is “Mission 2020”. Budgets 
are specifically stipulated, which are then allocated throughout different states and 
regions in the country. The first Malaysia Plan was from year 1966 to 1970 and from 
that point, consequent Malaysia Plans were launched five-yearly until the most 
recent one, which is the tenth Malaysia Plan (2011 to 2015).  
Malaysia Plans generally aim to generate and improve wealth of the whole 
country. Therefore, focus is placed on many aspects of the economy that are not 
limited to agricultural, manufacturing and services sectors, and it also covers aspects 
of improving quality of living, balancing rural and urban development and 
allocations made for Research and Development activities. The Ninth Malaysia Plan 
was the most recently completed Malaysia Plan which covered the period of 2006 to 
2010. In the foreword speech by the fifth Malaysian Prime Minister, Datuk Seri 
Abdullah Ahmad Badawi on the 31
st
 March 2006, the Ninth Malaysia Plan was the 
first part of the “National Mission” towards achieving the long sought vision 2020 
(to be a developed nation) and the principles of “Islam Hadari” would be guiding the 
implementation of its agendas. According to Ninth Malaysia Plan (2006 – 2010, p. 
14-18), there are five thrusts that were focused on – “moving the economy up the 
value chain”, “increasing capacity for knowledge and innovation and nurture first 
class mentality”, “address persistent socio-economic inequalities constructively and 
productively”, “improving the standard and quality of life” and “to strengthen the 
institutional and implementation”. A total of RM 220 billion was initially allocated 
through this plan (CIDB, 2008), which was then distributed in areas such as 
infrastructure, health, environment, agriculture, education, culture, art and heritage. 
According to the Ninth Malaysia Plan (2006-2010), allocations were distributed 
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across four major sectors which were dominated by the economic sector (RM89.89 
billion), followed by the social sector (RM 74.95 billion), safety (RM21.2 billion) 
and administration (RM13.96 billion) while on top of that, a total of RM20 billion 
was also allocated for Private Finance Initiatives and then distributed to all four 
sectors.  
 
3.3.2 The Malaysian Construction Industry Dilemma  
The Malaysian construction industry has been constantly hit with criticisms 
due to its poor performance and has been one of the poorest performing sectors in the 
nation, if not the most. Inefficient practices in the Malaysian construction industry 
have led to duplication of work, lengthy approvals and work time, lack of 
transparency and surging costs (CIMP, 2007). There is also a great imbalance 
between who prepares the paper work and those who execute the work (Ibrahim et 
al., 2010). The Malaysian CIDB Master Plan OSHA (2004) brought to light some 
problems of the industry in terms of quality, productivity, image, economic stability, 
delivery time and labour supply. The Director General of the Public Works 
Department Malaysia described the industry as still living in 1960’s (Zaini, 2000) 
thus problems such as delays, low quality and excessive cost have been a common 
picture of Malaysian public projects and in many instances, completed buildings 
were non-functional due to improper execution of works (Jaafar & King, 2011). This 
has led to reputation concerns and has caused significant lost to the GDP; starting 
from a remarkable 17.3% in 1995 then dropping to an average of only 5.2% between 
1999 to 2004 (Ibrahim et al., 2010) and from 3.3% to 2.5% between year 2000 to 
2007 (CIMP, 2007). Despite standing among the top three major economic 
contributors, its contribution has been way minimal (Ibrahim et al., 2010). 
Among problems in the industry is the ineffective briefing practice. 
Fragmentation of these practices within the Malaysian public sector has led to 
improper identification of the client’s needs (Hassan et al., 2009). This in turn has 
caused serious problems, which have prevented project success (Judin, 2009; Hassan 
et al., 2009). Proper briefing practice is vital because failure to do so could lead to 
habitual delays, cost overruns, poor quality and satisfaction level, high defect rates in 
projects (Jaafar & Aziz, 2009) and project failure (Lim & Mohamad, 2000; Abdul 
Rashid, 2009). 
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Waste management is also another dilemma surrounding the industry. Poor 
considerations made during the planning and design stage have contributed to 
excessive waste production in projects (Begum et al., 2006). This problem not only 
results in large amounts of wastage in terms of cost for unused material and time for 
its disposal, it also affects the supply of local resources as well as having negative 
environmental effects as a result of dumping material wastages. This problem can be 
traced back to poor material management leading to surplus of material, 
consequently turning into wastes. If it were to be tracked back, these problems were 
nested in the industry for decades and among the earliest reports were by Abdullah in 
1985. This poor condition has also affected project delivery time (Abdul Rahman & 
Alidrisyi, 1994). 
One serious problem which has been haunting the industry players is the delay 
and non-payment of completed works. This problem has led to unsettled dispute and 
fiscal problems which have affected the survival of many industry players (Ameer 
Ali, 2006). To make matters worse, there have been no legal acts to address the 
payment issues and the two currently practiced acts - Contracts Act 1950 and the 
Arbitration Act 2005 - do not specifically tackle the issue (Ameer Ali, 2006). So, 
generally, security for claims is non-existence in Malaysia and this has caused 
problems for contractors as their financial situations experience difficulties (Fong, 
2005). Furthermore, contractors cannot suspend their work even if they are not paid, 
as there is no general common law allowing them to do so (Kah Seng Construction 
Sdn Bhd v Selsin Development Sdn Bhd, 1997), thus settlement commonly is done 
via arbitration or litigation (Fong, 2005). This situation has left claimants with a 
limited choice of either progressing with their work or filing a claim at the same time 
or if the situation is very bad, then they may opt for contract termination (Ban Hong 
Joo Mines Ltd v Chen & Yap Ltd, 1969). However in most instances, termination is 
rarely the choice in mind (Fong, 2005), thus the unpaid parties often suffer when 
getting the job done. This situation may lead to other risks such as contractors 
sacrificing on quality, safety requirements, strikes or even total abandonment of work 
in order to save on cost or survive financially in the project. When involving 
government projects, public money and attention is at stake, thus the issue of quality, 
cost and time becomes more pressing (Jaafar & King, 2011), since any flaws would 
directly affect the public and the government’s reputation. 
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Although the local construction industry has undergone some evolutions 
(Giuffrida, 2006), they seemed very limited and have not benefitted from 
revolutionary practices adopted in developed nations. Knowledge Management, for 
instance, has been promised to provide a huge contribution on project performance 
(Shehu & Akintoye, 2010). However, it has been very minimal in application in 
Malaysia (Abdul Rahman & Wang, 2010) and thus poor performance remains a 
common scenario (Tah, 2001). Another of such initiatives is the Industrialized 
Building System (IBS); although it has started, the practices are still dominated by 
traditional approaches i.e. the design stages still takes place without the involvement 
of manufacturers and contractors (Nawi et al., 2010). Considering design stages 
contribute to about 75% of problems at site (Mendelsohn, 1997) this practice deters 
proper communication and understanding between the project parties, team building 
and formation of effective design and construction team (Kamar et al., 2009; Hamid 
et al., 2008; CIMP, 2007; Nawi et al., 2007), resulting in a need for re-designing of 
plans and extra outlays (Kamar et al., 2009; Hamid et al., 2008; CIMP; 2007; IBS 
Review, 2007).  Consequently this leads to other issues such as delay, extra lead time 
and untimely material supply (Baiden et al, 2006; Vrijhoef & Koskela, 1999; 
Evbuomwan & Anumba, 1998; Gunasekaran & Love, 1998). Lack of SCM practices 
has also hampered efforts to form better integration between IBS players (Malik, 
2006; Kamar et al., 2009). 
 
3.3.3 Problems with past Government’s Initiative to Improve the Scenario 
The Malaysian government has been aware of the industry’s performance and 
has in the past introduced a number of initiatives to cope with the problems. One of 
them was “Privatization”. This initiative emerged in the public sector as part of the 
aim to downsize the public sector, relieve the government’s fiscal and managerial 
burden as well as hasten economic growth for the country. The first proper design 
and build implementation was performed on the Kuala Terengganu hospital that was 
completed in 1985 (Seng & Yusof, 2006). Since then, a number of other private 
initiative modalities were carried out but with limited application. Amongst them 
were the Built Operate Transfer, Built and Operate, Built Lease Transfer and the 
Private Finance Initiative (PFI). Most of the new private initiatives however only 
were officially implemented via the Ninth Malaysia Plan (2006-2010) under the 
 Chapter 3: The Need for Change in the Malaysian Construction Industry 35 
National Privatization Plan (Netto, 2006). However, the public sector still lacks in 
experience on partnership practices, thus the application has still been at a low level 
(CIDB, 2009). Also, one particular problem was that conventional practice is still 
rooted in the industry’s ideology, thus in many cases, the full benefits of privatization 
were not enjoyed. One such case is the PFI initiative, which did not fully adhere to 
the “international PFI framework” (Jayaseelan & Tan, 2006) thus the scheme became 
ineffective to curb the industry’s dilemma.  
Outsourcing was also another program executed towards collaborating with 
private sectors in administering projects. However, this initiative did not stem from 
any ideological ground (Boston, 1995), but was mainly to reduce workloads (Abdul-
Aziz & Ali, 2004) and the selection procedures lacked proper judgements. This 
practice is in contrast to the UK initiative of using “compulsory competitive 
tendering (CCT)” to make a selection. Instead the Malaysian practice solely 
depended on either project size, value or fees (Abdul-Aziz & Ali, 2004) and 
engagements were usually on a project-basis.  
Other than that, Research and Development (R&D) has been a continuous 
initiative of the government and these tasks are mainly undertaken by institutes such 
as the Construction Industry Development Board (CIDB), Construction Research 
Institute of Malaysia (CREAM) and through professional boards and R&D 
department within the PWD itself. R&D can aid in survival of the local construction 
industry as well as attract global investments (Siew & Meng, 2010). However, efforts 
have been rather less-intensive. As per the year 2004, Malaysia’s Gross Expenditure 
on R&D (GRED) was only RM2.84Billion, standing far from the developed nations 
(i.e. United States at RM1.1 Trillion, EU 15 at RM649.9 Billion and China at 69 
Billion) and in many cases funds made available were not fully utilized (Siew & 
Meng, 2010). The low uptake of R&D in the country may also be contributed by the 
lack of enticement of people in the industry. As such, data from the Institution of 
Engineers Malaysia (IEM) as per year 2000, 2002 and 2004 indicated that R&D 
Engineers have been poorly remunerated thus risking “brain drain” of local talent 
(Siew & Meng, 2010).  
Nevertheless, one recent and quite major government initiative suggested that 
the government is perhaps getting more concerned on infusing improvements. The 
scheme known as the Malaysian Construction Industry Master Plan (CIMP) could 
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perhaps be among the responses to the call for change made worldwide. CIMP which 
was launched in 2006, covers ten years of a construction industry modernization plan 
aiming to transform the Malaysian construction industry into a “world-class” 
industry by 2015; the plan is driven by seven strategic thrusts combined with eight 
other critical success factors (CIMP, 2007). However, the initiative has still lacked 
innovative approaches (Hamid & Kamar, 2010) which are essential features in 
revolutionizing the industry. 
In short, the Malaysian government generally acknowledges the need to 
improve the industry and their past initiatives support that. However, in many cases, 
the benefits enjoyed by other developed nations are not achieved in Malaysia. This 
therefore suggests that a new approach in Malaysia is needed, which could provide a 
platform for better manoeuvring to achieve success in the sector.  
 
3.4 THE NEED TO CHANGE CURRENT PRACTICES 
Revolution in construction practices would ensure an advantage over 
conventional practice (Ibrahim et al., 2010), as the survival of the industry depends 
on its improvement in capability and aptitude (Abdul Rahman et al., 2005). Calls for 
greater project success have been made in recent times (Karna & Junnonen, 2005). 
The construction industry has been more dynamic in recent times (Gidado, 1996), 
suggesting that old practices are no longer relevant (Naoum, 2003). A move towards 
a longer-term relationship, which nurtures better integration, knowledge sharing, 
investment on relations and a higher degree of flexibility, is vital (Rahman & 
Kumaraswamy, 2002).  
There has been a growing need for construction practitioners to rethink their 
approaches. Construction industry practitioners have been urged to improve 
collaboration, integration, communication and coordination involving all levels of 
supply chain (Love et al., 2004) in order to compete. Then Latham (1994) in his 
report suggested that a 30% gain in productivity is possible by revolutionising 
contractual relationships. Egan (1998), on the other hand, builds up from the Latham 
Report and has further urged the industry to modernize and improve satisfaction 
levels. Realizing this, calls for improvement have emerged worldwide, such as in 
Australia, Sweden, Finland, Hong Kong, Norway, Singapore and the United 
 Chapter 3: The Need for Change in the Malaysian Construction Industry 37 
Kingdom (Love et al., 2004) including Malaysia (CIMP, 2007) with calls to adopt 
good practices (e.g. Latham, 1994; Egan, 1998). In fact, relationships have recently 
started to move towards strategic ones (Saad et al., 2002). Figure 3.1 illustrates the 
evolution of the industry’s relationship, which has started to be more influenced by 
Supply Chain Management and collaborative approaches. 
 
Figure 3.1: Types of Relationships in the Construction Industry (Adapted from: Saad et al., 
2002) 
 
In reference to Figure 3.1, traditional price-based practices were dominant till 
the mid 1960’s. Later, elements of negotiations started to penetrate, signifying more 
that considerations are being given other than to price alone. Then, towards the end 
of 1980’s, aspects of value started to be given a weight-age through undertakings of 
Design and Build procurement. The influence of supply chain management only 
came in somewhere between 1985 to 1990 as partnering started to be considered and 
later strategies towards SCM became more evident through two UK Government 
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reports by Latham in 1994 and Egan in 1998. These reports have led to the 
emergence of other initiatives to infuse SCM in construction (e.g. Strategic Forum, 
2002). Realizing similar needs, the Malaysian initiative was manifested through the 
Construction Industry Master Plan (CIMP) 2006-2015, which also stressed  elements 
of SCM, thus strategies were developed towards improving communication and 
collaboration, human capital, encouraging innovations to promote continuous 
improvements as well as improve quality of work (CIMP, 2007). The recent and still 
on-going Tenth Malaysia Plan (2011-2015) also introduced an agenda of achieving 
“zero delay” by the end of the plan (Abu Mansor, 2010) thus further supporting 
needs for SCM as part of the nation’s transformation plan. 
 
3.5 THE WAY FORWARD  
The growing level of competition suggests that the older ways can no longer 
offer success for projects (Karna & Junnonen, 2005), thus approaches need to be 
revolutionized. Egan (1998) insisted on the need to improve quality of integration, 
performance, relationship and value for money. New, modern and established 
approaches are thus needed. Recently, initiatives have supported SCM as a new 
mechanism for effective construction management (Egan, 1998; Love et al., 2004; 
Strategic Forum, 2002) with its emergence having started in the late 1990’s (refer 
Figure 3.2).  
The critical role of SCM for better project performance has been recognised 
(Jones & Saad, 2003). It has also been linked to a number of benefits: - efficient 
resource utilization (Dubois & Gadde, 2000), better inventory (Turner, 1993), 
improved procurement, productivity, flexibility (Horvath, 2001), cost saving, 
improved customer service (Cheng et al., 2009), higher transparency, trust, 
commitment (Ali et al., 1997), better coordination (Ahmed et al., 2002), etc. There 
have been signs of resistance to adopt the concept; some argue that the difference in 
complexity between construction and manufacturing (Kim & Wilemon, 2003; Wild, 
2002) may cause SCM to be unsuitable for construction. However, Bertelsen & 
Koskela (2004) believed otherwise, claiming that construction is just another 
production process; this was further supported by Heizer & Render (2005). Its  
 Chapter 3: The Need for Change in the Malaysian Construction Industry 39 
 
Figure 3.2: The emergence of SCM (Adapted from: Jones & O’Brien, 2003) 
 
enormous advantages have also led to models being developed for construction 
organization (e.g. Cheng et al., 2001; Love et al., 2004; Tah, 2005; Cheng et al., 
2009; Xue & Ren, 2009) and application of its tools for better project success (e.g. 
Pearson, 1999; Brady et al., 2006; Potts, 2009). In fact, SCM has been favoured over 
Partnering in the United Kingdom (Pearson, 1999), which further supports SCM as 
indeed a good way forward for the construction industry. 
 
3.6 SUMMARY  
In short, the Malaysian construction industry is still suffering poor project 
performance with project delay being the main concern. The greater concern is on 
public sector projects, with time overrun rate being ridiculously high (i.e. 80% in 
2009). Considering the importance of the industry to the nation’s economy and its 
close connection to performance of other industry growth areas, its performance 
directly affects others. Productivity levels have not been competitive enough and to 
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date, the industry does not seem to be in a good state. This not only tarnishes the 
industry’s image, it also affects the government’s reputation as well as creating 
confusion among members of the public regarding the government’s plan. Realizing 
these poor performances, the government has come up with several initiatives, but 
many of them were with limited or incomplete application, thus affecting the 
outcomes. Due to the current unhealthy state of the industry, a major shift is urgently 
required. SCM emergence has brought a lot of hope for the industry. It strives to 
divert from the ineffective traditional practices towards a more collaborative 
approach. Qualities within SCM have been well-recognized, applied and have 
achieved success in many applications, thus its adoption in construction projects 
appears a promising strategy. The next section explores SCM to a greater detail. 
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Chapter 4: Supply Chain Management 
4.1 INTRODUCTION 
This chapter goes through the concept of Supply Chain Management (SCM), 
its concepts, definitions and aspects of SCM in the Construction Industry. It starts 
with an overview of the concept followed by proposing a definition of SCM for this 
research. Consequently, explorations are made on SCM in construction industry, into 
how it is different compared to traditional practices, as well as initiatives that have 
been taking in construction industry. The concepts of lean construction are also 
explored, including how they relate to SCM. Further details are provided on benefits 
of SCM for construction performance, how it can benefit public sectors and delay 
reduction in the Malaysian construction industry; lastly a detailed explanation is 
made on applying SCM tools for better project performance, followed by 
presentation of wide-range tools that have been implemented at different levels. A 
summary then is made to sum up this chapter. 
 
4.2 OVERVIEW AND CONCEPT OF SUPPLY CHAIN MANAGEMENT 
(SCM) 
SCM started in the manufacturing industry (Vrijhoef et al., 1999) with the Just-
in-Time (JIT) concept with the Toyota Production System (Shingo, 1988). It was 
aimed at minimizing inventory as well as improving supplier’s interface amid the 
production line (Cutting-Decelle et al., 2007). Evolution in SCM started as 
businesses started to change rapidly (Harland et al., 1999) with practices that started 
in-bound of the organisation (Morledge et al., 2009) before realizing that they were 
also dependent on out-bound organizations, as well as the lower tiers such as their 
suppliers and other lower tier ones who supply to their main suppliers (Christopher, 
2005). 
SCM prescribes organizational restructuring and extending achievement 
throughout organizations. It is a philosophy that proposes improvement in the 
organization’s operation by including the elements of integration, coordination, 
communication, information and control systems to create more value out of every 
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process. This “fifth generation innovation” (Saad et al., 2002) placed emphasis on 
value (Love et al. 2000) rather than cost (Lamming, 1996) and inter-dependency of 
supply chain is often stressed (Vrijhoef & Koskela, 2000), looking at the entire chain 
and not merely the next level (Cooper & Ellram, 1993). Networks extend beyond 
merely the immediate tiers, towards creating a balance in both inner and external 
abilities of each firm (New & Westbrook, 2004), therefore transparency and 
alignment are needed across the chain (Cooper & Ellram, 1993). Collaboration is the 
key (Horvath, 2001) requiring parties to commit to investing resources; sharing 
information and objectives (Stank et al., 1999; Barrat & Oliveira, 2001); fair 
responsibility distribution; deciding and resolving issues as a team (Spekman et al., 
1998) and sharing outcomes (Philips et al., 2000). In SCM, everything is about 
teamwork; thus competition also happens between supply chains (Gier et al., 2006; 
Morledge et al., 2009) which encourage everyone to be efficient (Jones & Saad, 
2003).  
 
4.3 PROPOSING A DEFINITION OF SUPPLY CHAIN MANAGEMENT IN 
CONSTRUCTION 
SCM concepts have been evolving with authors having differing opinions of 
the concept. SCM has been suggested as a prolongation of earlier management 
advancement involving combination of good practices such as Total Quality 
Management (TQM), Business Process Redesign (BPR) and Just-in-Time (JIT) (Van 
der Veen & Robben, 1997) and beyond merely logistics (Cooper et al., 1997). SCM 
tries to achieve more than just planning of product and information flow; and 
according to Christopher (2005, p.4), it also aims at connecting and synchronizing 
the processes of other inter-related organisations such as the client, suppliers and 
customers. However, Cutting-Decelle et al. (2007) asserted that the theoretical 
development of it has been swayed by recent management concepts such as value 
chain and extended enterprise leading to the current perceptive of SCM. 
SCM has been seriously discussed in the construction practice for decades, 
with many definitions. Table 4.1 presents some definitions proposed in the past. 
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Table 4.1: A Sample of Definitions of Supply Chain Management (Modified from: Croom et 
al., 2000)  
No. Author Definition 
1 Jones & Riley 
(1985) 
An integrative approach to dealing with the planning and control of 
the materials flow from suppliers to end-users. 
2 Ellram (1991) A network of firms interacting to deliver product or service to the end 
customer, linking flows from raw material supply to final delivery.  
3 Christopher 
(1992) 
Network of organisations that are involved, through upstream and 
downstream linkage, in the different processes and activities that 
produce value in the form of products and services in the hands of the 
ultimate consumer. 
4 Lee & 
Bellington 
(1992) 
Networks of manufacturing and distribution sites that procure raw 
materials, transform them into intermediate and finished products, 
and distribute the finished products to customers. 
5 Berry et al. 
(1994) 
Supply chain management aims at building trust, exchanging 
information on market needs, developing new products, and reducing 
the supplier base to a particular OEM (original equipment 
manufacturer) so as to release management resources for developing 
meaningful, long term relationship. 
6 Saunders 
(1995) 
External Chain is the total chain of exchange from original source of 
raw material, through the various firms involved in extracting and 
processing raw materials, manufacturing, assembling, distributing 
and retailing to ultimate end customers. 
8 Kopczak 
(1997) 
The set entities, including suppliers, logistic service providers, 
manufacturers, distributors and resellers, through which materials, 
products and information flow.  
9 Lee & Ng 
(1997) 
A network of entities that starts with suppliers’ supplier and ends 
with the customers’ custom the production and delivery of goods and 
services. 
10 Lambert et al. 
(1998, p. 1) 
“The integration of key business processes from end user through 
original suppliers that provides products, services, and information 
that add value for customers and other stakeholders” 
11 Tan et al. 
(1998) 
Supply chain management encompasses materials/supply 
management from the supply of basis raw materials to final product 
(and possible recycling and re-use). Supply chain management 
focuses on how firms utilise their suppliers’ processes, technology 
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and capability to enhance competitive advantage. It is a management 
philosophy that extends traditional intra-enterprise activities by 
bringing trading partners together with the common goal of 
optimisation and efficiency.  
12 Abd Shukor et 
al. (2009, 
p.112) 
“an integrated and collaborated supply chains whether upstream or 
downstream, inter or intra organization with the same goals and 
objectives for long term relationship integration” 
 
Beyond Table 4.1, other definitions have also been proposed, for instance 
Moore (1998, p.172) defined SCM as “the links between the firm and its suppliers, 
through its distribution organisation and on to its customers” implying it as buyer-
supplier relationship (Patterson et al., 1999). Love et al. (2000) also stressed the need 
for both customer and supplier to focus on value creation. On the other hand, Xue et 
al. (2007) looked at the construction business perspective and described the 
construction supply chain as the entire business process from its starting point till the 
end, as well as all the tiers of the organisation. However, definitions of project SCM 
are generally inadequate (Agapiou et al., 1998; Akintoye et al., 2000; Love et al., 
2000) probably due to the immaturity of the concept in construction. However, based 
on understanding from previous definitions, SCM could be illustrated as per Figure 
4.1. 
 
Figure 4.1: A Network Structure of Construction Supply Chain Management 
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Based on the understanding and critical evaluation of past literature, this 
researcher has proposed the following as a definition of construction SCM: 
“SCM is an innovative and revolutionary managerial approach which involves 
a working culture change and a voluntary initiated agreement for integration and 
synchronization of two or more inter-dependent members within variety of 
organization level and boundaries as well as range of inter-linked construction life-
cycle processes (initiation to handover). It promotes joint effort and strategy on all 
activities which are underpinned by mutual trust, responsibility, benefit and risk 
sharing based on a long-term perspective on relationship. Value is achieved through 
optimization and management of processes, resources, core competencies, talent, 
information, power and technology within the supply chain towards accomplishment 
of a set of shared objective and goals, enhance competitive advantage, breaking 
down any discontinuities and meeting distinctive client needs. Consequently, jointly 
agreed benchmarks, targets, expectation and values are put in place for continuous 
improvement efforts and are supported by aligned incentive schemes towards 
sustaining the endeavour”. 
The above definition entails all elements of SCM including the philosophical 
aspect of the concept, approach it takes, how it can be accomplished, how value is 
created as well as how it could be sustained.  
 
4.4 SUPPLY CHAIN MANAGEMENT IN CONSTRUCTION 
The construction industry is very synonymous with the term “fragmentation” 
(Love et al., 2004; Mohamed, 2003), which has been blamed for most of its 
performance-related problems (Xue et al., 2005). Separations of design and the 
construction process have been disapproved worldwide (Latham, 1994; Egan, 1998). 
Fragmentation of the industry has led to problems relating to coordination and 
integration of project participants. In fact, it is believed that the biggest problem of 
the industry comes from the interfaces of the construction supply chain (Vrijhoef et 
al., 2001), thus causing inaccurate/late information, mistakes in design, wrong 
material delivery and other problems. Other weak connections of the industry include 
its adversarial relationship, lack of pain/gain sharing, short term focus, win-lose 
attitude, price-based selections, low level of transparency, poor communication, and 
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non-existence of a culture of information sharing and limited direct interface 
(Palaneeswaran et al., 2003). This unhealthy scenario has been responsible for the 
inefficiency of the industry in terms of cost, time, errors, conflicts (Love & Sohal,  
2002), rework and litigation (Love et al., 2004). Moreover, these weak links impeded 
innovation within the sector as knowledge, information and experiences of every 
supply chain cannot be utilized effectively. Innovation highly depends on 
collaboration (Soosay et al., 2008) and that could be well facilitated through SCM. 
Therefore, there is a need to revolutionize the way supply chains have been 
previously managed towards SCM (Vrijhoef & Koskela, 2000). Table 4.2 presents 
some differences between SCM and traditional practices. 
 
Table 4.2: Characteristic Differences between Traditional Ways of Managing the Supply 
Chain and SCM (Adapted from: Cooper & Ellram, 1993)
 
Elements Traditional Management Supply Chain Management 
Inventory management 
approach 
Independent efforts Joint reduction of channel 
inventories 
Total cost approach 
Time horizon 
Amount of information 
sharing and monitoring 
Minimise firm costs 
Short term 
Limited to needs of current 
transaction 
Channel-wide cost 
efficiencies 
Long term 
As required for planning and 
monitoring processes 
Amount of co-ordination of 
multiple levels in the 
channel 
Joint planning 
Compatibility of corporate 
philosophies 
Single contact for the 
transaction between channel 
pairs 
Transaction-based 
Not relevant 
Multiple contacts between 
levels in firms and levels of 
channel 
Ongoing 
Compatibility at least for key 
relationships 
Breadth of supplier base 
Channel leadership 
Amount of sharing risks 
and rewards 
Large to increase competition 
and spread risks 
Not needed 
Each treated separately 
Small to increase co-
ordination  
Needed for co-ordination 
focus 
Risks and rewards shared 
over the long term 
Speed of operations, 
information and inventory 
levels 
“Warehouse” orientation 
(storage, safety stock) 
interrupted by barriers to 
flows; localised to channel 
pairs 
“Distribution centre” 
orientation (inventory 
velocity) interconnecting 
flows; JIT, quick response 
across the channel. 
 
SCM, which originated from manufacturing, has led to doubts over its 
applicability in construction (see Wild, 2002; Kin & Wilemon, 2003). However, a 
recent study suggested that construction too is another type of production (Heizer & 
Render, 2005) except that it produces different products. In fact, logistic and 
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purchasing operations in manufacturing have been deemed similar to the ones in 
construction (Ahmed et al., 2002). 
The industry is clearly aware of the need for major shifts (Pearson, 1999; 
Vrijhoef & Koskela, 2000) and contemporary approaches have the potential to 
reduce time by up to 40% (Mohamed 1996), SCM being one of them (Saad et al., 
2002). SCM has also been recommended in many other studies (see Egan, 1998; 
Barker et al., 2000; Strategic Forum, 2002). However, the industry’s conservatism 
towards new technologies (Johnson and Leapple, 2003; Berstein & Pittman, 2004; 
Holzer, 2007), the influences of hidden goals, opportunistic behaviour, reticence and 
conflicting objectives (Saad et al., 2002) suggest that penetrating SCM into current 
practice would not be an easy task.  
 
4.5 SCM INITIATIVES IN CONSTRUCTION 
Despite previous research suggesting the industry’s hesitance to adopt SCM 
(Love et al., 2000) its critical role towards better performance has already been 
recognised, even though at a very immature stage (Jones & Saad, 2003). The 
essential values of SCM has started to be understood (Akintoye et al., 2000, Love et 
al., 2000; Dainty et al., 2001) and these have been reflected by a number of 
applications such as by Tarmac and Balfour Beatty (Pearson, 1999), British Airport 
Authority (Brady et al., 2006) and the Heathrow T5 project (Potts, 2009). 
As a result, SCM research has started to mushroom to solve conventional 
method deficiencies. One of the initiator of this study was by O’Brien & Fisher 
(1993) which encouraged construction practitioners to openly embrace this 
revolutionary working culture to achieve better success in projects. These proposals 
were followed by a major UK Government-funded report – the Latham Report 
(1994) which then was built up upon by the Egan Report (1998).  Later, more SCM-
related research was carried out. In 1999, Al-Sudairi et al. looked into aspects of 
strategic/operational decisions while Tommelein & Weissenberger (1999) 
investigated the aspect of construction flows.  
Other studies tried to infuse SCM in construction. One such study was by 
Vrijhoef & Koskela (2000) who discussed the four roles of supply chain focusing 
mainly on its interfaces. These four roles were: - (1) synchronizing supply chains and 
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site activities towards reducing cost and time taken to execute works; (2) building 
upon the supply chains itself to improve consistency, efficiency and predictability of 
project activities; (3) efficiently coordinating supply chains towards transferring 
activities in the site, off-site; (4) integrating all aspects of SCM (i.e. people, 
organisations and processes) as a whole (Vrijhoef & Koskela, 2000).  A few years 
later, the Supply Chain Council came up with an SCM maturity model (McCormack 
et al., 2004) which proposed five stages to explain penetration of the philosophy into 
organisations - (1) “Ad hoc” – is the initial stage where traditional culture still 
dominates while SCM aspects are not yet in place; (2) “Defined” – some 
improvement has taken place, SCM processes have started to be understood and 
documented, but traditional customs still dominate thus full satisfaction cannot be 
achieved yet; (3) “Linked” – SCM values have started to penetrate and supply chain 
cooperation has improved, thus some levels of satisfaction are experienced; (4) 
“Integrated” – Integration has started to take place at a higher rate and SCM tools are 
getting utilized, consequently leading to high satisfaction level; (5) “Extended” – 
SCM has gone full swing, parties creating chemistry and sharing common goals. 
This model also suggests that cost for SCM initiative reduces as company matures 
and creates better collaborations. 
Models have also been proposed as a guide to practice. The importance of an 
analytic model towards a faster construction or quicker reaction to changed 
circumstance has been documented (O’Brien et al., 2002). Love et al. (2004) 
proposed “a seamless supply chain management model for construction”, best suited 
for client-driven setting aimed at integrating processes, people and objectives of a 
project; utilizing a team facilitator as the driver. As the 21
st
 century approached, the 
internet gained popularity for its ability to transmit information quicker and cheaper. 
This phenomenon had led to development of several virtual-based network models, 
for instance Cheng et al. (2001) proposed an e-business model to support better 
communication, coordination and pooling of resource and aptitudes. Tah (2005) later 
introduced an agent-based modelling for collaborative supply chain pre-planning 
where distinctive agents are used to summarize behaviours of each supply chain 
towards identifying activities of the whole system; their interfaces would later be 
combined for proper implementation of organizational change. Xue & Ren (2009) 
later built upon Tah’s model, and launched a “multi-attribute negotiation model” to 
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cater for decision aspects throughout the supply chain, thus promoting effective 
negotiations. A year later, Cheng et al. (2010) also brought on a service oriented 
framework called the “SC Collaborator” as means of using a web-based system in 
facilitating better supply chain integration.  
However, with many initiatives taking place, analytic models have been rather 
partial (O’Brien et al., 2002). Most addressed only subset issues, for instance 
Vrijhoef & Koskela (2000) studied the contractor subcontractor/supplier interface 
while Love et al. (1999) studied reworks. Others were environmental performance 
(Ofori, 2000), service quality (Hoxley, 2001) and purchasing behaviour (Dubois & 
Gadde, 2000). Furthermore, coverage was also rather limited on common aspects 
such as communication, coordination, mutual goal, interfaces, while other important 
qualities of SCM (i.e. innovation, continuous improvements, long-term alliance, 
dispute resolution, etc.) were absent. Proposals were mostly general, not providing 
solutions on specific issues in the industry such as cost overrun, project 
abandonments and delay. This therefore calls for a more thorough approach in SCM 
research. With regard to the multi-organizational, inter-related and inter-dependent 
characteristics of construction, not looking at issues as a whole would limit 
outcomes. Besides, problems (i.e. delay) usually surface as a result of numerous 
deficiencies, thus all issues need to be addressed. In this case, the range of available 
SCM tools can be proposed in models for a clearer guide on their application. 
 
4.6 BENEFIT OF SCM ON CONSTRUCTION PERFORMANCE 
Attaining the best of time, cost and quality have always been the major target 
in projects (Chua et. al., 1999; Chan & Chan, 2004) which leads to an uptake in a 
variety of concepts such as TQM and process re-engineering, but results have yet to 
show a holistic improvement (Ahmed et al., 2002). Since SCM views a system 
throughout the whole supply chain, a complete plan that holistically takes into 
account all processes involved could be made (Ahmed et al., 2002).  This is 
especially so as organisations start to understand the relationship between supply 
chain dynamic and the continuing competitiveness of businesses. The successes of 
SCM in other industries such as manufacturing and production suggest that the same 
results could be replicated in the construction industry. Studies in relation to 
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construction SCM have also identified numerous advantages that could benefit the 
construction industry. 
SCM promotes better utilization of resources throughout the supply chain 
(Dubois & Gadde, 2000) which could lead to an efficient inventory (Turner, 1993), 
improved productivity, well-organized procurement and purchasing processes, 
fulfilment of order, effective marketing, increased flexibility (Horvath, 2001) cost 
saving, (Cheng et al., 2010) and reduced transaction costs (Stanford et al., 1999). It 
also promotes a higher level of honesty between participating partners, leading to a 
more transparent transaction (Ali et al., 1997), reduced paperwork (Turner, 1993), 
better coordination (Ahmed et al., 2002) as well as eliminating unpleasant behaviours 
(Briscoe et al., 2004), which then builds trust and improved commitment towards the 
whole team (Ali et al., 1997). Consequently, the level of responsiveness could be 
improved (Horvath, 2001; Cheng et al., 2010) as well as provide better services to 
customers (Turner, 1993; Horvath, 2001; Cheng et al., 2009). In addition, higher 
levels of trust also encourage information and knowledge sharing across the supply 
chain (Edum-Fotwe et al., 2001) leading to improved information flow (Love et al., 
1998b; Ahmed et al., 2002), timely and accurate information dissemination and also 
facilitates proper decision making (Cheng et al., 2010). This leads to improved 
performance as well as competitiveness (Burgess, 1998) for the team and individual 
organisation through advancement in practices and newly acquired skills as a result 
of the sharing practices. As a result, project delivery and customer satisfaction would 
improve (Horvath, 2001), and conflict and disputes will be minimized (Briscoe et al., 
2004; Daywood et al., 2002; Formoso et al., 2002). Other aspects of SCM such as 
long term collaborations also lead to innovative ideas (Holti, 1997) and innovative 
efforts (Horvath, 2001) as the accumulated set of skills, knowledge and experience of 
the partners could be utilized effectively. This is especially evident when combined 
with the faith each party has towards each other and the higher level of dedication 
everyone has towards achieving a common set of goals. This will eventually lead to 
continuous improvement in practices, products, construction methods in individual 
organisations as well as improvement in the inter-organizational and intra-
organization relationships. In the end, a highly competitive industry will emerge as 
the result of SCM initiatives (Stanford et al., 1999).   
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With regard to SCM in public sector practice, the benefits of it have also been 
introduced, for instance Daugherty et al. (2005) and Attaran (2004) mentioned 
possibilities to reduce inventory, improve services and save cost throughout the 
supply chain. The Office of Government Commerce (2005) that prepared a report for 
an SCM application in public sector procurement also highlighted several advantages 
for contracting authorities as a result of its proper implementation, namely (1) better 
risk allocation – towards proper allocating of risk across the supply chain and 
planning its appropriate management; (2) increase competition as well as 
involvement of organisations with specialized ability to penetrate the public sector 
market; (3) encourage innovations towards improved quality, delivery time and life 
cycle cost; (4) early involvement of supply chain leading to proper definition of 
requirements as well as their action plans; (5) identification of risks in contract 
delivery and; (6) identification of higher quality resolutions towards improvement in 
timely delivery and within budget. The report (Office of Government Commerce, 
2005) further recorded the benefits of SCM for the public sector as a whole, which 
included improved value for money, increased efficiency of each contracting 
authority, better long term sustainability, improved aptitude management of supply 
markets and broader efficiency and value for money advancement plans.  
In short, SCM benefits are diverse in both private and public sector 
management. Even though the public sector is more concerned about their 
development plan, at the end of the day, the main desired outcome is delivering value 
for money. Additionally, a construction project, even a public sector project, will 
involve both public and private organisations who work together towards completion 
of a project. Thus, the benefits, despite being seperated, could very well apply to 
both sectors. SCM improves not only the current (short-term) goal but also the future 
(long-term) agenda, thus it is a good system to implement in the current and future 
construction projects, towards continuously improving the industry’s performance. 
 
4.7 SUPPLY CHAIN MANAGEMENT: A PUBLIC SECTOR INITIATIVE 
The supply chain concept has long been considered an important idea for 
public sector governance. However, research on the supply chain is still perceived as 
the contractor’s supply chain (Taylor & Bjornsson, 1999; Vrihjheof & Koskela, 
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1999) taking into account mostly their point of view. According to London & Chen 
(2006), governments could highly influence changing the structural and behavioural 
feature of industry through the use of the supply chain concept, even if there is still a 
lack in understanding, support or implementation of it. Other studies supporting 
clients as the main initiator of SCM included research by London et al. (1998) and 
London & Kenley (1999), who suggested that they are most likely to benefit from its 
implementation. This was supported by a study by Saad et al. (2002) who found that 
championing of SCM practice by the clients (both public and private) and main 
contractors were more favourable than other players. 
Supply chains in the public sector could be either “inbound”, which supports 
the operational objectives, or “outbound” which supports the client’s necessities 
(Office of Government Commerce, 2005). However, SCM in public sector 
governance needs to focus on both selecting the right organisational partnership for 
supplies and service as well as ensuring that they integrate with the upper level 
enterprises (Migiro & Ambe, 2008). Cox & Townsend (1998) explained how the 
industry’s character can be influenced by the government policies and three ways 
were identified namely policy instruments, yearly budget allocations and capital 
work programmes and their purchasing power. London & Chen (2008) proposes the 
overarching role of government to ensure overall advancement in performance of the 
industry as well as their ability to build up management strategies and suggested that 
the government should take the first step on the SCM agenda.  
In light of the past arguments, it seems that SCM is indeed suitable for public 
sector governance. The government possesses a better advantage compared to private 
clients in terms of financial ability, resources, power and influence. In most 
developing countries, particularly Malaysia, the public sector is a major client for the 
construction industry, thus industry practitioners highly depend on them for jobs. In 
consideration of that, it could be suggested perhaps it would be best if the 
government started championing SCM efforts. Besides, being policy makers for the 
nation, policies could be imposed to encourage higher implementation rates. From 
there, revision and improvements can be performed from time to time towards the 
full infusion of the philosophy in the local industry. 
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4.8 HOW CAN SCM BENEFIT MALAYSIAN PROJECTS DELAY 
REDUCTION 
Delays in the construction industry have been a common scenario in many 
countries including Malaysia. Delay leads to losses of revenue, dissatisfaction, poor 
industry performance and conflicts. Delay in Malaysia, especially for public sector 
projects, is at a critical stage thus has affected the industry as a whole. Few recorded 
effects include poor quality, low productivity, poor economic stability, wastage, 
limited career development opportunities and many more (Malaysia CIDB Master 
Plan OSHA, 2004). These affect the industry’s image which can frighten away 
investors who are crucial for the nation’s development. 
Calls for change have been made worldwide and SCM has been suggested as a 
potential saviour. It aims at changing working practices to include more elements of 
integration, sharing culture, relationship building, trust, long-term focus and many 
more. Malaysian practice is still very much influenced by traditional / conventional 
mind-set (see Jayaseelan & Tan, 2006; Nawi et al., 2010). Therefore, “change” is 
what is needed by the local construction industry, meaning that a shift in current 
practices, thinking and mentality should happen so as to be on the same page with 
the rest of the world. In fact, since more than ten years ago, Pratt (2000) has stressed 
the need for industry’s improvement. Local researchers have started to recognise the 
importance of SCM for the nation’s construction industry (i.e. Malik, 2006; Kamar et 
al., 2009; Abd Shukor et al., 2011) while the local Construction Industry 
Development Boards have proposed several SCM enablers - such as automation, 
prefabrication, etc. (Ibrahim et al., 2010) thus further demonstrating the potential 
impact SCM can make on the local industry’s performance. 
The pre-construction stage has been among the most problematic aspects of the 
industry. Briefing practices are fragmented, leading to incomplete client need 
specification (Hassan et al., 2009). Briefing represents what is valued most by the 
client, which needs to be clear prior to starting any work. These deficiencies can lead 
to habitual delays (Jaafar & Aziz, 2009) and even failures (Abdul Rashid, 2009). 
Improper planning and design stage execution can also lead to excessive waste 
production (Begum et al., 2006) which has also been among the nation’s problems 
affecting delivery time (Abdul Rahman & Alidrisyi, 1994). The design stage, which 
is among the pre-construction activities, contributes to about 75% of site-related 
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issues (Mendelsohn, 1997), especially constructability related (Nawi et al, 2010). In 
these cases, early involvement of relevant industry players or the supply chains play 
a big role in contributing during these early stages to avoid on-site issues (see Gil et 
al., 2001). In fact, these strategies have been practiced by several UK clients as part 
of their SCM initiative (Pearson, 1999). Information flow is among the core features 
of SCM (Cheng et al., 2001) and its sharing forms part of the collaboration process 
(Cohen & Russel, 2005). Inputs that are shared at the early stage from all parties 
ensure no missing information on client need details and design details. Early 
involvement of “implementer groups” also creates a platform for innovation as 
theoretical and technical capabilities can be shared. 
The Malaysian construction industry has long been dependent on foreign 
workers. In fact they represent roughly one third of labour in the market (CIDB, 
2008). These labourers usually are unskilled and start their learning curve at the site, 
thus loss in the initial productivity affects the overall delivery time. One such 
initiative to address this problem, via SCM, is using off-site pre-fabrication. This 
way, less site work is involved as components are manufactured in factories which 
usually use robots. The off-site prefabrication has previously been an initiative of the 
Heathrow Terminal 5 project leading to about 15% productivity surge (Building 
Magazine, 2004; p.40). This tool can also be used for wastage reduction (Potts, 2009) 
as mentioned previously.  
Payment-related issues such as delayed payment and non-payment are among 
other common issues. Besides, security for claims is also absent (Fong, 2005). This 
leads to disputes and fiscal problems for industry players (Ameer Ali, 2006). This 
situation causes dissatisfaction and possible sacrifice of other aspects of the project 
that can reduce value for client. These problems however can be traced back to 
teamwork issues, which lead to selfish behaviour. This is where pre-setting a 
mutually agreed goal is important to ensure every party works towards that goal. 
This is very much encouraged in SCM (Maqsood et al., 2003) as it can promote 
collaboration. Other tools in SCM such as risk / profit sharing (Philip et al., 2000) 
can also encourage better collaboration because any decisions made in projects, 
whether good or bad, would affect everyone, thus it would encourage all parties to 
decide only on what benefits the projects. Better performance is actually expected if 
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risks are fairly distributed (Nesan & Holt, 1999) and the teamwork formed could 
solve delay problems (Cheung, 2010).  
These represent a few propositions of how SCM could facilitate Malaysian 
construction project delay dilemma. There are still many qualities of SCM, which, if 
they were to be explored, could improve the local industry performance. Ability of 
SCM to reduce delay have been well recorded for instance in the case of British 
Airport Authorities (BAA) which significantly saved time and cost as well as 
improved quality as a result of utilizing principles in the Egan Report “Rethinking 
Construction” (Brady et al., 2006). Another case was projections made, based on the 
UK construction industry history on big projects, which suggested that the Heathrow 
T5 project (that applied SCM in the project) could have suffered two years delay if 
they used traditional practices (Potts, 2009). Potts (2009) also claimed that the 
British Airport Authorities saved 15 months in a project period as a result of 
selecting the right people to do the right job. These few cases are proof of the ability 
of SCM to improve project time performance. 
 
4.9 APPLICATION OF SCM TOOLS FOR BETTER CONSTRUCTION 
PERFORMANCE 
SCM has been suggested as the way forward by many researchers and industry 
reports. However, effective SCM implementation requires involvement of not only 
contractor and client, but also other inbound and outbound organisations and 
individuals i.e. suppliers, manufacturers, subcontractors, etc.. These are parties who 
are engaging in a collaborative and integrative manner towards the same goal, with 
mutual and long-term benefits in mind, and aiming at continuously improving the 
way of working as well as focusing more on increasing value rather than reducing 
cost alone. While many waste reduction tools have been proposed through lean 
construction, proper implementation of SCM required adoption of other necessary 
tools in order to integrate the participants involved, utilize valuable assets possessed 
by every individual and organization, provide a motivational means to guide 
behaviours and achieve long-term improvement. These are aimed towards providing 
the best value for customers while at the same not sacrificing the satisfaction level of 
entities involved. However, the question is, how could this be done? Davis (1993) 
previously examined Hewlett-Packard supply chain practices and asserted that 
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“without an adequate analysis tool, opportunities for change might be lost for want of 
a credible argument” (p. 37).  O’Brien et al. (2002) claimed that for a faster 
construction or for faster reaction to changed circumstance, an analytic model is 
necessary. Thus the use of appropriate tools to support SCM implementation is 
essential. However, these tools should cover aspects required to achieve a 
collaborative and integrative environment within the project supply chain, such as 
mutual trust, close relationship and mutual goals.  These will encourage innovative 
ideas, continuous improvements, exchange and sharing of experience and knowledge 
towards improving construction performance, reduce errors, minimize conflicts and 
eliminate build ability issues. Consequently it will save construction time and 
achieve many other benefits.  
A complete list of SCM tools including descriptions and implementations at 
various levels are presented in Appendix ‘A’ while the following describes a number 
of aspect of which SCM tools could be applied for:- 
 
a. Improving Level of Collaboration and Teamwork 
SCM is an innovative management practice aimed at improving construction 
industry’s problems from a systems perspective (Liu & Liu, 2010). In a construction 
project, the team functions as a system thinking (Cheng et al., 2001) which massively 
benefits the project (Albanese, 1994) as well as forecasting how cooperation could 
happen in the future (Cheng et al., 2001). As recommended by the National Society 
for Quality through Teamwork (NSQT), construction project involves four types of 
teams which could be productive and lead improvement, namely, “local workplace 
improvement teams” (i.e. quality circles), “corrective action teams”, “business and 
process improvement teams”; and “total teamwork way” which combines all three 
types of teams (Atkinson, 1994, p. 7-8). Thus, the focus of SCM is on how the whole 
team could be synchronized, not individual organisations or persons. Teamwork 
stimulates sharing of the latest information and joint problem solving thus reducing 
errors and delays, and inspires innovations (Cheung, 2010). 
 Collaboration is very synonymous with SCM. In fact collaboration is the “key 
driver” of SCM (Horvath, 2001). Collaborative problems have been responsible for 
delay and cost overrun in major projects (Potts, 2009), leading to it being the subject 
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of many strategic SCM studies (McCarthy & Golicic, 2002; Holweg et al., 2005). 
Collaboration is a process where two or more parties work together aiming for a 
common goal through sharing of knowledge, idea, information as well as the pain 
and gains experienced (Cohen & Russel, 2005). Collaboration also involves activities 
such as integration, communication and coordination, which, according to Love et al. 
(2004) have been the “leitmotiv” of published reports on the needs for construction 
practices to change. Benefits of collaboration include better understanding and 
responsiveness to client changes, information sharing (Chow et al., 2007), 
knowledge transfer (Goh, 2002), and pursuance of common goals (Kumaraswamy et 
al., 2007). However, for effective collaboration, mutual trust should exist between 
team members (Sahay, 2003; Lee & Choi, 2003) to create willingness to align, 
reduce need for formal control of participants, and reduce tensions (Rowlinson & 
Cheung, 2008). This will encourage higher transparency among project participants, 
leading to sharing of knowledge, information and ideas. Some of the tools proposed 
for better collaboration are: - “No Dispute clause” in alliance agreement to reinforce 
trust (Rowlinson & Cheung, 2008), the “Relationally Integrated Value Networks 
(RIVANS)” to nurture long-term collaboration (Kumaraswamy et al., 2010), 
“Framework Agreements” which is a form of long term arrangement (NHS, 2009) 
(adapted from Kumaraswamy et al., 2010) , “joint objective”, “joint project office”, 
“team facilitator” and “teambuilding” (Green & May, 2005; Eriksson, 2008; 
Eriksson & Nelson, 2008) and many more.   
 
b. Improving Risk Management Practices 
Uncertainties are synonymous with the construction industry thus risk 
management could benefit substantially from a collaborative culture in SCM. Project 
uncertainties have continuously caused delay in projects, for example, uncertain 
ground conditions, uncertain economic stability, and uncertain material and labour 
availability which could be catered through collaborative problem solving. In the 
past, it was suggested that there is a close connection between risk and performance 
(Knight, 1921), which received support by (Lonsdale & Cox, 1998). Therefore, it is 
important that risks are managed collaboratively to share experience and knowledge 
of participants towards extracting as much information as possible and to decide on 
the “how” to manage the risks. One recent positive outcome from collaborative risk 
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management is the T5 project in the UK studied by Potts (2009), which saw three 
months time saving in the project (National Audit Office, 2005). Additionally, Faisal 
et al. (2006) regarded that ensuring good relationships would be an “enabler of risk 
mitigation”. Several risk management responses that could be mentioned include 
“joint trainings and development programs”, “joint pro-active assessment and 
planning”, “agreed performance standards”, “regular joint reviews” and “joint 
strategies” (Ritchie & Brindley, 2007) and “Joint Risk Management (JRM)”, which 
have proven to be a success in the M41 programme in the UK (Kumaraswamy et al., 
2004). These efforts could also lead to innovative ideas as participants would have a 
better sense of belonging to the project. 
 
c. Better Project Team Selection 
To ensure that proper collaboration takes place, it is important for participants 
to have good chemistry with each other such as sharing the same values, targets and 
interest in a project, equally trusting and respecting each other as well as 
continuously complementing each other throughout the project. Proper project team 
selection is therefore vital and it highly affects efficiency of a project. According to 
Potts (2009), BAA saved 15 months in a project period as a result of selecting the 
right people to do the right job. It is the key to success for enterprises, thus good 
members should be identified (Liu & Liu, 2010). Cooperation among project team 
members would benefit in terms of having long-term mind set and higher focus of 
the team towards sustainability issues (Kumaraswamy et al., 2006). Some tools 
previously proposed for good team selection include: - “Team Criteria” scores pre-
qualification (Kumaraswamy et al., 2007) while Kumaraswamy et al. (2000) 
proposed a few others such as “pre-qualification rating”, “value for money” rating 
and “transparency” rating. Cheung et al. (2006) also proposed “relational index” to 
measure “degree of relationalism” of the team.  
 
d. Improving Supplier Management 
Suppliers take up almost half of the project team composition and involve 
multiple tiers; thus ensuring their commitment to project aims is very crucial. They 
are closely linked to the performance of the whole supply chain (Sarkar & 
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Mohapatra, 2006) and their proper management has proved to be not limited to 
saving time as a result of assessing and rejecting bids (Pickering, 2007), but also they 
reduce operational cost (Parker & Hartley, 1997); retain top performers; foster long-
term customer-supplier collaboration; reduce transactional cost; and simplify 
purchasing process (Sarkar & Mohapatra, 2006). Thus proper management of 
suppliers is very important to ensure proper coordination and collaboration.  
Reduction of supplier base has been done by a few UK construction clients and 
contractors (Pearson, 1999); while Sarkar & Mohapatra (2006) proposed a 
“capability-performance matrix” to assist a better judgement based on relational 
factors. Early involvement of contractor and subcontractor on the other hand has 
previously benefited a private project in term of improved design, cost saving and 
timely completion (Kumaraswamy et al., 2004). 
 
e. Enhance Relationship Management  
Relationship management is one of the integral aspects of SCM. A good 
relationship management among project team members could be nurtured through 
relational contracting approaches (i.e. partnering and alliancing). It is closely related 
to communication, cooperation, trust, culture, mutual objectives and risk sharing (Liu 
& Fellows, 2001; European Construction Institute, 1997). There is a strong link 
between organizational culture and performance (Wood & Ellis, 2005). Among the 
benefits of relational contracting is to reduce conflict, stimulate communication, 
break down barriers, future job opportunity, best value (Cheung & Rowlinson, 2005), 
community benefit, win-win and innovation (Rowlinson & Cheung, 2002). A “post 
contract partnering-type arrangement”, for instance, was introduced (European 
Construction Institute, 1997; Scott, 2001) and is an effective way to manage 
relationships through offering repeat business. However, since there is no “one size 
fits all” for procurement systems (Love et al., 1998c) it is important to choose the 
right approach to suit project and client needs.  
 
f. Improve Flow of Information 
Information flows between the project participants and its management is a 
central task of the supply chain (Cheng et al., 2001). Timely information is a problem 
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that has been well captured by construction companies (McCullouch, 1997). Good 
information flow will only happen if there is open and effective communication 
means. According to Wang et al., (2007), Information Technology (IT) tools such as 
“radio frequency identification technology”, “mobile devices-PDA” and “web 
portals” could facilitate effective flow of information. On-time and accurate 
information is also important for proper project monitoring, which could be achieved 
through shared information between participants. This can be facilitated through 
automation, which would allow faster and cheaper information transmittal. One such 
initiative can be through “Building Information Modelling” (BIM) (Holness, 2008) 
and “Automated Construction Activity Tracking System (4D-ACT)” (Rebolj et al., 
2008). On the other hand, the “Last Planner System” (Ballard & Zabelle, 2002) can 
reduce material delivery “waiting time” (Rimmer, 2009), work planning and control 
(Winch, 2006) and avoid repeated mistakes (Eriksson, 2010) thus reducing wastes 
and leading to continuous improvements.  
 
g. Enhance Knowledge Management 
While enormous knowledge is available within the supply chain, sharing would 
lead to better utilization. Knowledge, when are used effectively, will ensure success 
in any organisation (Oppong et al., 2005). The importance of Knowledge 
Management to SCM has been previously identified, for instance better buyer-
supplier relationship (Beecham & Cordey-Hayes, 1998), collaboration/coordination 
(Lin et al., 2002), innovative product development (Hansen, 2002), improved tender 
selection, higher level of customer satisfaction (Gilsby & Holden, 2005) easier 
project development (Kumaraswamy et al., 2005) and faster and effective learning 
within the supply chain participants (Paiva et al., 2002).  Several tools to facilitate 
this include “quality circles” (Salem et al., 2006), regular “product development 
meeting” (Rimmer, 2009) and workshops (Love et al., 2002), which enable different 
knowledge and experience owned by each team member to be shared. Apart from 
that, the ability to improve constructability, enhance safety and eliminate defects 
(Rimmer, 2009) would contribute to time saving and avoid reworks.    
 
h. Promoting Continuous Improvements 
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Continuous improvements have been one of the main agenda through SCM. 
The construction industry is a fast developing industry but implementation has yet to 
be at the same pace. In order to sustain competitive edge, ability to exploit both 
existing and emerging technologies is crucial, thus “process improvement tools” are 
essential for success throughout the supply chain (Cheng et al., 2001). Tools such as 
benchmarking (Lema & Price, 1995), Total Quality Management (TQM) and value 
management (Cheng et al., 2001) represents several propositions that have been 
made. On top of that, individual and organizational improvement tools should also be 
in place to constantly improve their competency. As such, “continuous trainings” 
(Clarke & Wall, 1998) and staff development (McCreadie & Rice, 1999) could be 
useful; while the enforcement of “training and development policies” in the team 
agenda (Cheng et al., 2001) would allow sustainability of these initiatives towards 
responding to new needs from time to time.  
 
Towards realizing and making SCM initiatives more effective, a driving 
persona is very useful. These act as a sort of mediator who maximizes supply chain 
coordination and performance. According to (Kumaraswamy et al., 2007), 
champion/driving personalities could change mind-set and way of working, as well 
as generate innovative ideas. Other benefits include stimulation of open 
communication, increase level of cooperation, and lead brainstorming approach to 
problem solving (Cheung & Rowlinson, 2005). “Interface Managers” is also a tool to 
smooth the progress of information diffusion (Cigolini et al., 2004) while an 
“independent facilitator” develops mutual vision among supply chain members 
(Love et al., 2002). Therefore, driving personalities could be an extra edge for the 
supply chain team towards ensuring every aspect of proper SCM stays in place and 
the participants keep their focus towards achieving the mutually agreed goals (i.e. 
timely completion). 
On top of that, an effective motivation mechanism would be able to steer 
participant’s behaviour towards committing to the team’s agenda. It also develops a 
sense of belonging within the project team, thus will encourage them to collaborate. 
Proper incentives can resolve contradictory goals among participants (Cigolini et al., 
2004), and promote trust and cooperation (Khalfan et al., 2007). One such initiative 
was the “performance-based incentive” used in the T5 agreement to encourage on-
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time project delivery (Douglas, 2005). Other initiatives such as “profit sharing” 
(Poirier & Reiter, 1996) and “risk sharing” (Hammer & Champy, 1994) would 
encourage improvement in performance and commitment towards the team goal.  
In short, SCM is a very promising approach to solve construction industry 
problems including delays. Many SCM tools have been proposed to solve 
construction-related issues, thus suggesting that SCM is getting a lot of attention in 
the construction world and that its potential benefits are being felt. With proper 
application and adaptation of these tools, and combination of other tools, successful 
project completion can be assured. 
 
4.10 SUMMARY 
This chapter has explained SCM, starting from the most basic level (i.e. 
definitions) and has covered the past studies in this area. It also explained how SCM 
contributes to project performance, and presented the range of tools described in the 
literature. Overall, SCM presents a great opportunity for the industry as well as 
practitioners. The philosophy rooted in SCM is revolutionary, moving away from 
inefficient traditional mind-set towards being more team-centric, collaborative, 
integrative, relationship and value focused. SCM has been implemented with great 
success in several developing nations and some success cases have been mentioned 
in this chapter. Malaysians have also shown some awareness of this concept despite 
the poor uptake. Another particular finding was that past research studies have yet to 
be holistic on SCM especially in terms of its application to solve major issues in the 
industry; some studies have started to explore its benefits on smaller aspects of 
deficiencies such as reworks and errors. An in-depth literature review on SCM has 
been carried out looking at previously developed models / frameworks, strategies to 
infuse SCM into construction and also tools that may be beneficial to improve 
different aspects of project management; which was used for the development of the 
final framework of the present research. 
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Chapter 5: Research Methodology 
5.1 INTRODUCTION 
This chapter presents details on how this research was performed. It includes 
research design, scope, planning, sampling, measurement tools and execution 
process. This study had engaged active practitioners throughout the Malaysian public 
sector project supply chains to investigate and obtain insights into their perception of 
delays in the sectors’ projects, the contributing factors and propositions for effective 
solutions. A combination of surveys and interviews were used as the main tools to 
achieve the research aims, in order to develop a framework using SCM tools in 
reducing delays in Malaysian public sector projects. An extensive literature review 
has been conducted and reported in the previous chapters as part of creating a strong 
ground to support this study. Taking into consideration the status of SCM within the 
Malaysian construction industry, knowledge with regard to this area is expected to be 
quite scarce and therefore makes selection of appropriate and effective methods even 
more crucial.  
 
5.2 RESEARCH PHILOSOPHY AND METHODS 
Good research contributes to the body of knowledge. However, it should 
consist of proper data collection approaches as well as well-defined data 
requirements to ensure that each research objective is met. There are two types of 
data collection methods, namely,  one-way communication (linear), which involves a 
fixed response, and two-way communication (non-linear), which allows further 
response from the respondent (Fellows & Liu, 2008). The one-way method is more 
focussed on transferring data and involves minimum interaction such as feedback 
and checking; whilst the two-way method can better transfer the meaning (Rogers & 
Kincaid, 1981). The one-way method is usually quantitative in nature, while the two-
way method is usually qualitative; both of these methods have their advantages and 
disadvantages but both can contribute to the achievement of different research 
objectives.  
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In general, quantitative methods are more concerned with numbers and are 
undertaken under a strict environment in which many aspects are fixed. Quantitative 
data is used to answer questions such as “what”, “how much”, and “how many” and 
entails making measurements (Fellows & Liu, 2008). Therefore, this approach is 
suitable for data that can be measured, for example, contractor’s satisfaction level 
and extent of factors causing delay. On the other hand, a qualitative approach is more 
in depth, less restrictive, and a more open and detailed approach (Patton, 2002). This 
approach is used to obtain either individual or a group’s point of view, belief and 
understanding etc. (Fellows & Liu, 2008). According to Fellows & Liu (2008, p. 9) 
“qualitative approach seeks to find out why things happen as they do; to determine 
the meaning which people attribute to events, processes and structures.” There are 
benefits from advantages of both methods (Fellows & Liu, 2008) and that research 
that depends solely on an individual method has a higher tendency to produce 
inaccurate results compared to a mixed-mode method (Patton, 2002). Therefore, in 
this study, the mixed-mode research method was adopted to ensure that the final 
outcomes are reliable and valid, and therefore can contribute to the body of 
knowledge.  
 
5.3 METHODOLOGY ADOPTED IN THIS RESEARCH 
Research design involves deciding on methods to be adopted towards 
accomplishing a set of research problems or research questions (Fellows & Liu, 
2008) by considering possible constraints (Saunders et al., 2003). A thorough study 
of the research questions and objectives has been performed in order to select the 
most suitable method to tackle each objective. To ensure reliability of the final data, 
a combination of quantitative and qualitative research methods were selected and 
conducted in the form of questionnaires and semi-structured interviews respectively. 
These methods were used towards developing the research framework and to validate 
results. A summary of this research design is shown in Table 5.1 while research 
approaches are presented in Table 5.2. 
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Table 5.1: Research Design 
Objective Description Method 
Objective 1 
To establish the nature of delays in Malaysian public 
sector construction projects, rank the causes and 
identify their main causes.  
1. Literature review 
2. Semi-structured interviews  
3. Survey questionnaires 
Objective 2 
To group the main delay causes in the Malaysian public 
sector construction projects into pathogens and sub-
categories of pathogens.  
1. Literature review 
2. Semi-structured interviews 
 
Objective 3 
To identify beneficial SCM tools and develop a 
framework utilizing these tools to reduce delays in 
Malaysian public sector construction projects. 
1. Literature review 
2. Semi-structured interviews 
 
 
Table 5.2: Summary of Mixed Research Approach 
1.  2. Nature 3. Data Type 4. Methods 5.  6. Means 
7. Literature 8. Secondary 
Data 
9. Qualitative 
and 
Quantitative 
10. Book, Journal Articles, 
Conference Papers, 
Reports, Dissertations, 
Websites, Technical 
Reports 
11.  
 
 
 
 
12.  
13. Digital 
Copies, Hard 
Copies, 
Interviews 
14. Quantitative 15. Survey  16. Quantitative 17. Survey Questionnaire 
with multi-attribute 
measured using multi-
scales 
18.  
19.  20. Face-to-face, 
21. Postal, E-mail 
22. Qualitative 23. Interviews 24. Qualitative 25. Semi-Structured 
Interview 
26.  27. Face-to-face. 
28. Telephone 
calls 
 
5.3.1 Rationale of Research 
In the past, SCM have improved performance of the construction industry in 
aspects such as increased project value, competitive edge, increased productivity, 
improved inventories, sustained improvement, cost efficiency, speedier operation, 
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improved information flow, higher coordination and shared risks and rewards. In 
recognition of these advantages, SCM has been suggested as the way forward (Egan, 
1998; Love et al., 2004; Strategic Forum, 2002) and constitutes a huge agenda in 
many developed countries. Coverage on the topic has been extensive (Vrijhoef & 
Koskela, 2000; Love et al., 1999; Ofori, 2000; Hoxley, 2001; Dubios & Gadde, 
2000) and uptake of its available tools and techniques has shown fruitful outcomes 
such as time reduction (National Audit Office, 2005; Brady et al., 2006; Potts, 2009). 
Many have also suggested that clients mostly benefitted from SCM (London & 
Kenly, 1999), thus further reinforcing the notion that it is useful for governance of 
public sector projects (London et al., 1998; London & Kenley, 1999; Saad et al., 
2002). Hence, in light of the past research findings and successes in its 
implementation, SCM could lead to significant improvement in time management 
and have other benefits if allowed to be properly implemented  in the governance of 
Malaysian public sector projects. As the majority of the industry’s problems have 
been highly associated with SCM issues (Vrijhoef et al., 2001; Xue et al., 2007), this 
further supports the rationale for utilization of SCM in this study to solve delays in 
the Malaysian construction industry.  
 
5.3.2 Research Aim 
This research project aims at developing a framework that proposes beneficial 
SCM tools and techniques that can be used to reduce delays in Malaysian public 
sector construction projects. Perspectives of the Malaysian public sector project 
supply chain will be the main focus of this research, towards obtaining an insight into 
and solutions for the delay issue. Delay is indeed a serious issue worldwide and an 
effective solution is still being sought. The benefits of SCM in addressing this issue 
are evident, nevertheless, there has seemed to be minimal contribution of past 
research reports in solving the delay problem (AlSehaimi et al., 2012).  Thus, this has 
motivated the present research to take a more proactive approach that could benefit 
the Malaysian industry. This study comprises three major stages towards the 
framework development. 
The first stage was the identification of main factors at pre-construction stage 
that leads to delay in the Malaysian public sector project. To achieve this, the 
abundance of delay factors from literature review were identified and then combined 
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with factors identified from a series of preliminary interviews taken on Malaysian 
construction industry experts towards producing a comprehensive list of delay 
factors. These factors were then inserted in questionnaire forms, taken for survey and 
then analysed to work out the main delay factors thus achieving the first objective.    
Then this research proceeds on identifying the pathogens of delay to achieve 
the second objective. “Pathogen” was described by Reason (1990) as latent 
conditions and remains hidden in a system until a blunder or mistake arises. Its 
identification enables resolutions right from the roots of delay problems, 
consequently avoiding reoccurrence of similar mistakes. To achieve this, the delay 
contributors were identified; they were then ranked and through a number of 
analyses, the main contributors were made evident. Then, these main causes served 
as a basis in the identification of the pathogens.  
Lastly, the third stage was the strategies towards the framework development. 
SCM studies have grown in the past and many tools have been proposed. However, a 
holistic approach is still missing (Barker et al., 2000) which is important for its 
successful implementation. Thus this research has chosen this holistic route. With the 
abundance of SCM tools available in literatures, it would be useless if their 
implementations were not properly strategized. For that reason, after the delay 
pathogens were identified; the beneficial SCM tools were then suited to cater for 
each of the pathogens and their sub-categories.  This was accomplished through a 
series of interviews that were performed and validated. 
 
5.4 SCOPE OF RESEARCH 
This research focused on the Malaysian construction industry, in particular on 
the public sector projects. Considering public projects are procured by the 
government and undertaken by private contracting companies, views from both 
public and private organisations which constituted a project team were obtained to 
get a better perspective of public project delays and the SCM tools that can be of 
benefit. In Malaysia, public projects are mostly managed by the Public Works 
Department (PWD) while some of them are scattered throughout the Ministries and 
other government agencies.  
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Delays have been a major problem in Malaysian public sector projects and 
those undertaken by their agencies (Sambasivan & Soon, 2007; Joshi, 2009; 
Abdullah et al., 2010). However, findings from the report by Joshi (2009) dated 1
st
 
June 2009 were used as a basis for scoping down the present research. His report fell 
within and towards the end of Ninth Malaysia Plan (RMK9) (2006 to 2010) which 
showed an 80% delay rate in the Malaysian public sector projects. This signifies a 
serious problem within this particular Malaysia Plan; thus this was used as a basis on 
which to focus projects within this period (RMK9).  
An SCM application can start partially or in full-swing, depending on the 
readiness of an organisation. In the past, the Supply Chain Council has developed an 
SCM maturity model which proposed five stages namely “Ad hoc”, “Defined”, 
“Linked”, “Integrated” and “Extended”, which were aimed at explaining the stages at 
which SCM could penetrate into an organisation towards becoming fully effective 
(McCormack et al., 2004). An overall application of SCM into the Malaysian public 
sector projects could prove beneficial, however drastic penetrations would probably 
lead to failure or collapse considering the infancy of SCM in this country. Therefore, 
referring to the Supply Chain Council’s SCM maturity model (McCormack et al., 
2004), perhaps it should be introduced in stages, allowing for a series of adaptation 
periods.  
The present study had referred to a presentation by the Malaysian PWD 
Director General, on 17th December 2008, entitled “Strategies of Effective Project 
Delivery System” with the main focus made on the lessons learnt from 8 th Malaysia 
Plan (RMK8) (2001 to 2005). The presentation highlighted that the average delay per 
project during RMK8 was 171 days and that 78% of these projects were delayed 
(Abd. Karim, 2008). Among other problems which had affected timely completion of 
the projects were those as follows: coordination issues that had led to approval / 
award of projects with incomplete briefs; non-existence of ‘competency standards for 
project management in Malaysia’ that had led to appointment of incompetent parties; 
and selection of inappropriate approaches for project execution (Abd. Karim, 2008). 
These problems suggested that projects had been executed without proper strategy 
thus leading to problems as the work progressed.  As a common rule in life, every 
success starts from a strong base / root, thus the importance of the pre-construction 
stage for a more efficient overall construction needed to be strongly emphasized and 
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reinforced. Abd. Kareem (2008) also stated that some lessons learnt from the 9
th
 
Malaysia Plan (2006 to 2010) included problems associated with acquiring the list of 
projects from ministries, preparing resources and master plans, delayed project 
commencement due to inefficient pre-planning and improper preparation. These had 
forced the PWD to urgently tender out several jobs using Design and Build. It could 
be further concluded that problems in RMK9 could perhaps had been continuity from 
RMK8 as the pre-construction deficiencies were a major culprit in both periods. 
Delay patterns were also consistent i.e. 78% in RMK8 (Abd. Karim, 2008) and 80% 
towards the end of RMK9 (Joshi, 2009); this then further strengthened this 
assumption. Issues highlighted in both Malaysia Plans also had strong relationships 
with the pre-construction stage.  
Based on the above, the present study focused on improving efficiency of pre-
construction activities towards improving time performance of the overall project.  
Another aspect of the scope of this research is to focus on problems / factors during 
the pre-construction stage that lead to delay in the whole project delivery. 
Identification of the contributing factors served as a strong basis for solutions to be 
brought forward; thus improving the prospects of delivery in future projects. 
The results from the preliminary interviews undertaken earlier in this research 
showed that a majority of projects experiencing delay in Malaysian public sector 
projects are building and infrastructure projects. However, considering the infancy of 
SCM in Malaysia, combined with current performance, application on complex or 
complicated projects may not be suitable. Infrastructure projects involve a vast range 
of projects and expertise level; thus it would be too challenging to successfully apply 
SCM on them. Therefore, based on the outcome of the preliminary interviews, the 
present study focused only on building projects since they are less complex and are 
more common; thus initiating SCM penetration on this type of project would have a 
better chance for success.  
Another aspect that this research had considered was the fact that building 
projects can vary in value and this problem may be serious in one grouping of 
projects and not in others. Delay and budget bursts have been common in larger 
projects (Potts, 2009) where complex supply chain structures and multiple 
participants are involved (Dainty et al., 2001), however, this may or may not 
necessarily be the case for Malaysia. Thus, information was obtained from the 
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Project Monitoring Unit in Malaysian PWD to identify which group of projects to 
focus on. While statistics were not provided due to security and reputation concerns 
(refer Section 5.6 for further details), this researcher was informed that majority of 
building projects that were delayed during RMK9 were those with value from RM20 
million to RM50 million, thus the present research will focus on this group of 
projects. 
Further to that, the present research scope also included only projects 
undertaken the Malaysian Peninsula. Sabah and Sarawak are Malaysian states 
located on Borneo Island (West Malaysia) and were excluded due to differences in 
culture and locality.  In addition, West Malaysia also has dissimilar PWD 
management (except for Labuan Island, which is a duty free zone in Sabah); thus this 
could further affect consistency of the research outcome. Therefore, for a more 
accurate and fair finding, this research excluded those two states, thus only 12 states 
in Malaysia were included in this study. 
In summary, it could be synopsized that the focal point of this research is 
problems / factors in the pre-construction stage that lead to delay to the whole 
project. Additional focus is also made for delayed building projects carried out 
within peninsular Malaysia only, under the 9
th
 Malaysia Plan (RMK9), which 
covered years 2006 to 2010 with the value of RM20 million to RM50million.  
 
5.5 RESEARCH METHODS AND INSTRUMENTS 
Data collection in this research used two methods: (1) Questionnaire and (2) 
Semi-structured interview. In overall, one session of the survey was conducted 
together with four sessions of semi-structured interviews, which are summarized in 
Table 5.3. Based on Table 5.3, “Minor Interviews” refers to interviews that were 
undertaken not as a major tool but rather a supporting instrument towards proper 
achievement of objective number one (refer sub-section 5.5.1 for details). On the 
other hand, the “Major Interviews” refer to interviews undertaken as the main 
instrument for achieving research objectives – the first interview to achieve objective 
number two while the second interview to achieve objective number three (refer sub-
section 5.5.2 and 5.5.3 for details). Figure 5.1 presents the flow in which this 
research has gone through towards achieving each research objectives. 
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Table 5.3: Summary of Research Methods 
Method Purpose 
Questionnaire 1. To identify the delay causes, rank them and establish the main delay 
factors 
Semi-Structured 
Interview 
Minor Interviews (Towards achieving Objective 1) 
1. Interview A: To complete information obtained from the literature 
review (Preliminary Interview) 
 
2. Interview B: To support data analysis towards concluding the main 
delay factors 
 
Major Interviews 
1. To group main delay factors into pathogens (Objective 2) 
 
2. To develop and validate research framework (Objective 3) 
 
 
Figure 5.1: Flow of Research. 
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Figure 5.1 separates the research flow into three distinctive groups to represent 
the three objectives involved in this research. Referring to the first column on the 
left, the research started data collections by undertaking a preliminary interview 
(Interview ‘A’) which was mainly aimed to capture all delay factors in Malaysia 
towards supplementing delay factors gathered through extensive literature reviews. 
Then, the complete list of factors was inserted in a questionnaire which was then 
taken out for survey on eligible respondents. Consequently, survey results were 
analysed to determine the main delay factors and during these process that Interview 
‘B’ was taken out as means of ensuring accuracy of outcomes thus achieving the first 
objective. The second column then presents the steps towards grouping the main 
delay factors into pathogens and sub-categories of pathogens. This involved two 
phases - phase 1 was to group the main delay factors and phase 2 which was to 
validate the groupings. The first box in the second column mentioned that the 
researcher initially failed to obtain an appropriate grouping using factor analysis 
before opting for self-grouping. Then, these self-grouped delay factors were taken for 
validation using semi-structured interviews (refer second box in the second column) 
thus achieving the second objective. Lastly, in the third column, the researcher 
presented the two phases involved in developing the final framework. Firstly, the 
beneficial SCM tools were matched for mitigation of each delay pathogens, thus 
enabling the development of the initial framework; and in the second phase, the 
framework was validated leading to the development of the final framework of the 
present research. The following sub-sections goes in detail on these methods and 
instruments and how they were utilized towards achieving each research objective.  
 
5.5.1 Achieving Objective Number 1: To establish the nature of delays in 
Malaysian public sector construction projects, rank the causes and identify 
their main causes. 
In achieving objective number 1, a number of methods were involved. The 
main method used was the survey Questionnaire while two semi-structured 
interviews (referred as “Minor Interviews” in Table 5.3) were undertaken towards 
proper achievement of the objective.  
 
1. Phase 1: Semi-structure Interview (Preliminary Interview) – Interview A 
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Due to limited literature on the Malaysian public sector delay contributors, 
especially on the recent data, these interviews mainly focused on getting an insight 
on this aspect. As a multi-cultural nation, Malaysia may have disparities with other 
nations, be it from the locality aspect, cultural aspect or governance aspect. The 
interview was important to ensure that all delay factors in Malaysia are captured, and 
not merely rely on reports from other countries. Some factors may be only applicable 
to Malaysia and can only be captured by directly asking the industry professionals.  
The interview form consisted of a number of sections – Section 1: 
Demographic background of respondents; Section 2: Inquiring about perspectives on 
public sector project success; Section 3: Inquiring about Malaysian public sector 
projects delays including the delay factors, effects of delay and some suggestion for 
solutions.  
Two practicing professionals respectively were selected from client, contractor 
and consultant organisations. These practitioners each had at least twenty years 
experience at that time and were considered as experts of the Malaysian construction 
industry. The interviewees, once identified, were contacted by phone to get their 
consent and to make an appointment. During the meeting, details of this study (i.e. 
objectives, scope, etc.), QUT Research Etiquette forms, as well as purpose of the 
interview, were presented and explained. Once everything was clear, interview forms 
were presented, interviewees were asked to answer in accordance to each question 
and they were encouraged to express their experiences, opinions and point-of-view 
for a comprehensive response. 
Interviews were undertaken using the “face-to-face” method at venues most 
convenient to the respondents, and each of them lasted approximately 30 to 60 
minutes. All sessions were duly recorded for ease and accuracy of transcription as 
well as for future reference should they be required. Delay factors gathered from the 
interviews were then screened, compared with past literature and searched for 
similarities and disparities. Consequently, additional delay factors identified were 
combined with those from past research thus producing a comprehensive and 
complete list of factors for the questionnaire survey forms, before they were 
distributed to respondents. Interview results are presented in Appendix ‘C’. 
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2. Phase 2: Questionnaire Survey 
Questionnaires consist of a series of questions and are the simplest and one of 
the cheapest methods of obtaining information from a large population. This method 
was used to rank the factors that lead to delay. As suggested as suitable by Fellows & 
Liu (2008), a close-ended questionnaire was selected to fix the number of options 
available for selection and the “Likert Scale” was used to assist in measuring the 
extent that each factor leads to delay, towards finally ranking them. Commonly, a 
five or seven scale is suitable for “Likert Scales” (Bell, 1993) however, due to the 
requirement of this research, a six-point scale was used instead – (0) Not Applicable; 
(1) Very Low Extent; (2) Low Extent; (3) Average Extent; (4) High Extent; (5) Very 
High Extent. The sixth scale was required to separate factors that do not contribute to 
the research findings. Since past delay research was mainly focused on whole 
construction phases, not all factors applied to the scope of this research. However, 
merely using self-judgement to separate the factors to pre-construction or post-
construction related ones could expose the research to making false judgements 
which would consequently affect accuracy of results. Therefore, to safely tackle the 
situation, all factors were included in the survey form and the sixth scale (labelled as 
“Not Applicable) could be selected by respondents if they thought the factor did not 
apply to this research scope. This method also avoids biased results, as outcomes are 
purely based on the opinion of the majority. The list of delay factors used in this 
survey including their references is presented in Appendix ‘B’. These factors have 
been rephrased to avoid biasness. 
 Sections involved in the questionnaire are as below, while a copy of the 
questionnaire is provided in Appendix ‘D’. 
 
 Section 1: Respondents Details 
This section aimed at obtaining the demographic details of respondents such as 
their position, nature of organisation and years of experience in the construction 
industry. This section is important to ensure relevance and appropriateness of 
responses as well as to establish strength of findings based on the responses from 
more experienced people. The respondents’ details also enabled comparison of 
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different perspectives in relation to different aspects of the questionnaire (i.e. delay 
factors). 
 
 Section 2: Project Involvement Detail 
This section concerned the respondents’ experience information, such as the 
number of projects they were involved in, and details as well as performance of those 
projects. This information further explained the details of respondents and was 
important in investigating details of projects mostly associated with delay and the 
average performance of those projects. Also, considering that problems can differ 
from one project to another, these details enabled further exploration and comparison 
with other aspects of this survey as well as from the demographic perspective. 
 
 Section 3: Severity Impact of Each Factor towards Causing Project Delay 
This section listed a series of delay factors gained from both literature and 
preliminary interviews and was aimed at identifying the main delay contributors. A 
six point “Likert Scale” was used for respondents to rate the impact of each factor on 
delay. This enabled ranking of the factors before further analysis to identify the main 
contributors. 
 
 Section 4: Future Works (Optional)  
This section provided an overview on what would take place after completing 
data analysis of questionnaires. Information such as type of data collection 
approaches, qualification requirements, objectives to be achieved, etc. were also 
detailed and qualified respondents were invited to take part. Should any of them be 
interested, a space was provided for them to insert their details. This section was part 
of the initiative to do an early recruitment of respondents for the future with the hope 
that time taken for the next phases could be significantly reduced. In addition, those 
who were agreeable were good potential candidates for identifying future 
respondents. 
Prior to taking out surveys, the questionnaire forms were first pilot tested to 
ensure appropriateness and effectiveness of the intended survey. A draft 
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questionnaire was prepared and taken to ten Malaysian construction industry 
practitioners with at least five years working experience – five from client 
organisations, three from consultant organisations and two from contractor 
organisations. The researcher specifically ensured that they were still practicing at 
that time. The draft questionnaires were presented to them and they were asked to 
review and comment on aspects such as clarity of instructions and scales, whether 
they can be easily understood, any parts that could possibly be misinterpreted, etc. as 
well as other comments deemed relevant. The researcher was present with them 
throughout the process and each session took about 30 to 60 minutes. In overall, no 
adverse comments were received, thus questionnaires were refined accordingly. The 
amended questionnaire was again reviewed by two other practitioners from a client 
organisation before carrying out the survey. 
Once questionnaire forms were ensured to be comprehensive and clear from 
ambiguity, qualified respondents were invited to participate in the survey. Necessary 
steps were taken to make clear all research details, QUT Research Etiquette 
fulfilment, confidentiality of answers, response method and researcher’s contact 
details towards gaining maximum commitment. The participants were approached 
through walk in, phone and emails; and a combination of methods as suggested by 
Mellenbergh (2008) - “face-to-face”, “paper-and-pencil” and “computerized” were 
also utilized to maximize responses. Respondents that gave initial agreements to 
participate were forwarded a set of questionnaires in a manner convenient to them 
and methods for returning the completed forms were also agreed upon. While few 
handed back the form on the spot, many needed time to respond, thus a period 
convenient to them was pre-agreed upon as well.  
 
3. Phase 3: Semi-structure Interview – Interview B 
This interview was undertaken as an integral part of analysing data from the 
questionnaire towards achieving the first objective. While analysing the data, some 
factors were found to have significant difference in mean (using ANOVA) and 
statistically significant difference in variable (using Kruskal Wallis). Thus, there was 
a need to identify where the difference occurs and the culprit that caused the 
significant differences. Once identified, a pair of new factors was proposed to 
represent the two groups that had significant difference in opinion between each 
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other. The interview was then undertaken to obtain a thorough perspective on why 
these differences in opinion occurred, to find reasonable justifications for the factors 
that represented the majority of the respondents’ views and decide which opinion 
best produced a representative result in this research. Once finalized, then this 
research could proceed in determining the main delay factors. One representative 
from each respondent group (client, consultant and contractor) with at least 10 years’ 
experience was selected to be interviewed and each session took about 30 to 60 
minutes. During the interview, details of this study (i.e. objectives, scope, etc.), QUT 
Research Etiquette forms as well as the purpose of the interview were presented and 
explained. Once everything was clear, interviewees were asked to answer in 
accordance to each question and they were encouraged to outline their experiences, 
opinions and point of views for a comprehensive response. 
All interviews were recorded for transcription and data keeping. Details of this 
interview are presented in Table 6.18 in Appendix E. 
 
5.5.2 Achieving Objective Number 2: To group the main delay causes in the 
Malaysian public sector construction projects into pathogens and sub-
categories of pathogens. 
Once achieving the first objective, thus finalizing the main delay factors, this 
research proceeded with grouping them into pathogens and sub-categories of 
pathogens towards achieving the second research objective. The main methods used 
for this purpose were self-grouping and validations using semi-structured interviews 
(referred to as “Major Interviews” in Table 5.3). Firstly, it is important to note that 
pathogens are not readily identifiable until a problem occurs (Busby & Hughes 
(2004)) thus they are of “formative construct”. Therefore, no are no specific 
requirements on how variables should correlate (see Bollen, 1984) meaning that they 
could correlate in any way, good or bad, it does not matter.  
In the past, factor analysis has been suggested as a good method for data 
reduction and forming latent variables (Pallant, 2007). However, factor analysis 
computes results purely based on strong correlations, thus results require self-
checking to decide whether outcomes suit the research aims and objectives (Hair et 
al., 1998). Therefore, not rejecting the possibility for strong correlations to occur, this 
researcher decided to give factor analysis a try and later, based on Hair et al. (1998)’s 
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suggestion, results could be checked to see whether it fitted the research objectives or 
not. However, after undertaking the analysis and checking results, it was found to be 
inappropriate (details are presented in Section 6.4 in Chapter 6), thus the method was 
cancelled and self-grouping was used instead. While initially there was no guarantee 
that factor analysis could provide any meaningful outcome, this initiative was 
considered important before simply rushing into concluding that self-grouping is the 
only option available.  
 
1. Phase 1: Self-Grouping Main Delay Factors into Pathogens and Sub-
Categories of Pathogens 
Scarcity of research concerning project pathogens left this research with 
limited choice but to perform factor groupings using the report by Busby & Hughes 
(2004) as a main reference, and added new pathogens and sub-categories of pathogen 
using personal justifications based on understanding from how Busby and Hughes 
worked out theirs. The self-grouping imitated Busby & Hughes (2004)’s approach in 
categorizing the error contributors as well as introduction of sub-categories for the 
Pathogens.  
 
2. Phase 2: Semi-Structured Interview: To Validate Pathogen Groupings 
After performing self-groupings for the main delay factors, the researcher 
needed to validate them to ensure confident confirmation of the groupings. 
Interviews were selected to enable tight control over the criteria of interviewees 
which are quite impossible via quantitative methods (i.e. questionnaire). For this 
purpose, interviewees, once identified, were contacted by phone to get their consent 
and to make an appointment. In overall, fifteen (15) interviews were undertaken on 
three (3) representatives from Supplier groups and four (4) representatives 
respectively from Client, Consultant and Contractor groups. Towards ensuring 
meaningful opinion and comments, only practicing professionals with a minimum of 
ten (10) years experience were accepted.  
On an extra note, realizing the possible difficulties in reaching these 
experienced group of people many times, this research took proactive actions by 
utilizing the same session for the first part of the third objective, which is to get 
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interviewees to also select suitable SCM tools for mitigation of each pathogen and 
sub-categories of pathogens. However, the interviewees were first required to 
comment on the factor groupings before proceeding to suggesting suitable SCM tools 
based on the groupings that they have accepted and agreed. Details regarding this 
interview are further explained in sub-section 5.5.3.  
Referring back to details of interviews to validate the pathogen groupings, 
firstly, the interviewees were presented and the details of this study were explained 
(i.e. objectives, scope, etc.), as well as QUT Research Etiquette forms and the 
purpose of the interview. Once everything was clear, interviewees were presented 
with the groupings (and list of SCM tools) and were given time to review them. After 
confirming readiness, interviews started and they were asked for their point-of-view 
regarding the groupings (whether they ‘made sense’ to them, or whether some factors 
were better suited to be grouped with other pathogens or whether new pathogens can 
be proposed). They were encouraged to ask for further explanation should they not 
understand any information, and side discussions were also made part of the 
interview to make the session more interactive as well as to ensure responses were in 
accordance to the interviewees’ proper understanding of each aspect. Each session 
took approximately 45 to 90 minutes (excluding time taken to review the groupings 
and list of SCM tools) and all of them were recorded. The interview recordings were 
then transcribed; their meanings were extracted, translated to English and then 
presented.  
 To further enhance the quality of the interviews, the participants were 
encouraged to express their opinion and thoughts freely; efforts were made to 
promote conducive and productive sessions and interviews were carried out in 
language best suited and most comfortable to the respondents. While English can be 
understood by most Malaysians, their daily habit of speaking the local language or 
even certain dialects can interfere with the thoroughness of the responses. English 
generally serves as a secondary language in Malaysia, thus many people do not 
properly master and speak it well. Usually, businesses are undertaken using the 
“mother-tongue” language, known as “Malay” and therefore, many interviewees 
were much more confident and comfortable to speak this local language. Some even 
prefer to use certain dialects as there are a number of dialects in Malaysia. If they 
were forced to speak in English, it might lead to their refusal or reluctance to express 
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all of their opinions, ideas or suggestions, possibly due to lack of competence in 
English or not being sure how to describe certain things and therefore they might 
decide not to mention them. This would have led to loss of important information. 
Also, considering the seniority of many of the respondents, embarrassment at their 
lack of English fluency might be another barrier. Thus, to ensure the best responses 
were obtained, they were allowed to speak their preferred language as long as they 
could be well understood by the researcher. Besides, all interview sessions were 
recorded, thus all information could be retrieved, extracted, translated to English, 
written down and further summarized. To further encourage commitment, interviews 
were carried out at venues most convenient to the respondents, thus sessions varied 
in location, ranging from offices to cafes and even respondents homes. This also 
allowed for better chances for commitment, as the time could be set in accordance 
with the interviewee’s convenience. 
 
5.5.3 Achieving Objective Number 3: To identify beneficial SCM tools and 
develop a framework utilizing these tools to reduce delays in Malaysian 
public sector construction projects. 
In achieving objective number 3, two semi-structured interview sessions were 
involved. The first was to develop an initial framework and a second session to 
validate the initial framework that was developed, thus producing this research final 
framework. 
  
1. Phase 1: First Semi-Structured Interview (Initial Framework Development) 
This interview was undertaken at the same session used to validate pathogen 
groupings (previously mentioned in sub-section 5.5.2 above) as part of the 
researcher’s proactive action. The researcher would need to conduct another session 
of interviews on the same group of people to validate the initial framework, as 
reaching them many times might not be easy and could interfere with this research 
progress.  
In the same interview, all interviewees were also initially provided with a list 
of SCM tools (with brief explanations) compiled from the extensive literature 
review.  Then, after finalizing on the pathogen groupings, they were required to 
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select pre-eminent SCM tool/s which, in their opinion, knowledge or experience, was 
best suited for mitigation of each pathogen and/or sub-categories of pathogens. In the 
same interview, respondents were also encouraged to suggest any other tools that 
they thought were appropriate or beneficial; this is to ensure that all beneficial SCM 
tools were captured and their applicability to the Malaysian environment 
‘confirmed’. On top of that, justifications / explanations were also required for all 
SCM tool selections. To further enhance quality of interviews, similar initiatives 
were undertaken, such as carrying them out in language best suited and most 
comfortable to the respondents, interviewing at venues most convenient to the 
respondents, encouraging them to ask for further explanation should they not 
understand any SCM tools in the list provided, as well as having side discussions as 
part of the interview for a more interactive and fruitful session. The outcome of these 
interviews then enabled the development of the research framework – “framework 
that utilizes SCM tools to reduce delays in Malaysian public sector construction 
projects”. Each session took approximately 45 to 90 minutes (excluding time taken to 
review the list of SCM tools and pathogen groupings) and all of them were recorded. 
The interview recordings were then transcribed; their meanings were extracted, 
translated to English and then presented. 
 
2. Phase 2: Second Semi-Structured Interview (Validating the Initial 
Framework) 
Lastly, before concluding, the framework needed to be validated to confirm the 
accuracy of translations and the final conclusions. Based on responses from the past 
interviews, they were translated into English in accordance with what the 
interviewees generally meant as responses and varied in explanation. Thus, to ensure 
accuracy of the translation made, further confirmation was obtained through this 
interview with the aim of getting the interviewees’ consent and approval of how their 
previous response had been interpreted. Once confirmed, this research continued on 
to validate the final framework. The interviewees were presented with the final 
outcome based on the majority view and asked whether they approved the final 
findings (i.e. agreed with majority selection) or if they had a different opinion. This 
is important as SCM tool selection can vary and to conclude something that may be 
different from one interviewee’s selection would certainly require their consent and 
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approval. Once majority agreement has been obtained, the final framework was 
considered well validated.  
In all these sessions, as previously practiced, interviewees were free to 
determine time and location of interview with the aim of increasing their willingness 
to provide commitment for the second time. Borrowing time from these very 
experienced people can be quite challenging and all possible means to get their 
commitment were carried out. Each session again took between 30 to 60 minutes and 
was recorded.  
 
5.6 SAMPLING METHOD 
Sampling was used for selecting a group of respondents from a population. 
Samples enable interpretation to be narrowed down since covering all aspects or 
people could be quite impossible (Marshall & Rossman, 1999). The first step for this 
purpose was to identify the population, which was described as - “a set of entities 
from which the research sample is to be drawn” (Eisenhardt, 1989, p. 537) and “the 
set to which the findings will be generalized” (Ali, 2010, p. 5). For proper execution 
of research, further planning and considerations are needed for selecting the best 
sampling techniques. Determining an appropriate number of samples is important for 
a result that represents the population (Fellows & Liu, 2008) and to ensure a well 
generalized and reliable result in quantitative research, consequently enabling it to be 
repeated by other researchers (Henn et al., 2006). Karasar (1999, p. 116) (adapted 
from Delice, 2010) prescribed six (6) steps for a good sampling namely “description 
of the study population, listing the members of the population, identification of 
sampling type, determining the sample size, selecting the sample, and testing the 
representation power of the sample”.  
Before proceeding for data collection, the researcher had attempted to identify 
the relevant populations of Malaysian public sector projects within the scope of this 
research. However, confidentiality and privacy concerns have limited information 
obtainable from the Project Monitoring Unit in the PWD – only details of involved 
contractors were provided while information of other supply chains and project 
details were refused. This researcher suspects that reputations were the main concern 
since the 9
th
 Malaysia Plan was already over at the time the information was inquired 
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about (in year 2011), thus supposedly these projects should have already been 
completed. Exposure of detailed information would highlight their deficiencies, thus 
affecting reputations of not only the people (i.e. PWD Head of Project Teams) and 
organisations (i.e. Ministry’s and PWD departments) involved but could also extend 
to political aspects that could pose a severe impact on their chances in the coming 
elections. In the 12
th
 General Election in 2008, the government experienced a 
shocking slump where not only did they lose the 2/3 majority votes (which they 
easily won in the past elections), but they also lost three of the major economic states 
of Kuala Lumpur, Selangor and Penang to the opposition. Therefore, with the 13
th
 
General Election scheduled to occur by 2013, the insecurity level was even higher at 
that time as they were hoping to rebound and claim back their 2/3 majority vote. 
These situations therefore required this researcher to think out of the box and 
be more creative in reaching respondent groups. Cohen & Arieli (2011) in their paper 
about field research and conflicting environment mentioned that “there are many 
cases in social research in which one cannot fully uphold these rigid principles of 
scientific research. Should we give up the attempts to improve our understanding of 
those cases due to lack of optimal conditions?” (p. 423). Therefore, the difficulties 
faced should not deter this researcher from further exploring the research area.  
Snowball sampling, which was named after a process similar to a snowball 
rolling down a hill (Wasserman et al., 2005), was selected as the way forward in this 
research. It can serve as alternative and second-best method when random samplings 
are not possible (Cohen & Arieli, 2011). It has also been proven beneficial in 
research involving groups of people who are hard to reach (Valdez & Kaplan, 1999; 
Sadler et al., 2010; Cohen & Arieli, 2011), that were not previously identified, are 
hard to discover (Coleman, 1958; Goodman, 1961; Spreen, 1992) and for whom 
getting representative samples seemed quite impossible (Cohen & Arielli, 2011). 
Hidden population could be characterized as those maintaining a low profile (Watter 
& Biernacki, 1989), are hard to distinguish (Morgan, 1996; Valdez & Kaplan, 1999) 
and hard to reach (Cohen & Arieli, 2011). According to Heckathorn (1997, p. 174) 
“Hidden population” has two characteristics: first, no sampling frame exists, so the 
size and boundaries of population are unknown; and second, there exist strong 
privacy concerns, because membership involves “stigmatized or illegal behaviour, 
leading individuals to refuse to cooperate, or give unreliable answers to protect their 
  
Chapter 5: Research Methodology 84 
privacy”. In the past, research involving hidden or hard-to-reach populations such as 
street-corner society (Whyte, 1955), gangs (Patrick, 1973), prostitution (McNamara, 
1994), criminals (Fitzgerald, 1996), drug user (Fitzgerald & Hamilton, 1997), very 
sick people (Sudman & Freeman, 1988), HIV/AIDS patients (Tabnak & Sun, 2000) 
and slums (Aggarwal et al., 2007) have benefited from this sampling method.  
Nevertheless, due to non-availability of data, the present study was left with no 
choice but to conduct snowball sampling, which seemed the best method available. 
“First link” respondents were first gathered based on suggestion by Cohen & Arielli 
(2011) using sources such as: - (1) list of contractors obtained from the Project 
Monitoring Unite; (2) through individuals (Sadler et al., 2007) such as past contacts 
from the PWD; (3) formal and informal group leaders (Sadler et al., 1998) such as 
known company directors and higher ranked PWD officers; and (4) third party 
entities (Wu et al., 2005), which consist of other known people from the industry. 
These first links then led to other referrals (Cohen & Arieli, 2011) thus creating a 
multiplier of potential respondents for this researcher (Thomson, 1997). To reduce 
bias, this research duly adopted quota sampling to first identify, contact and make 
relationships with a sub-group of samples to improve the level of trust and reception 
towards obtaining more links of respondents (Cohen & Arieli, 2011). On top of that, 
other initiatives to reduce bias were: - (1) limiting to only three recommendations per 
respondent (increased groups of project studied); (2) performed data collection using 
mostly face-to-face method; (3) souvenirs given were key chains as a token to 
enhance sincerity. 
Figure 5.2 below shows how snowball strategy was performed. The “original” 
stage presents the first link respondents, through whom future referrals were 
obtained. The 1
st
 and 2
nd
 generation represents the link of respondents reached 
through referrals and recommendations. Consequently, referrals from each 
generation lead to more respondents thus creating the snowball effect, which 
increases in size as it moves downhill. Sub-section 5.6.1 and 5.6.2 below further 
elaborate on the sampling details adopted by this research for both survey and 
interviews.  
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Figure 5.2: Snowball Stemma (Adapted from: Noy, 2008) 
 
5.6.1 Sampling for Questionnaire 
The only details that this study managed to obtain were the list of contractors 
involved, totalling 226. Data collection was started by identifying and making 
contacts with possible “first link” respondents. This was done by contacting 
contractors from the list provided by the Project Monitoring Unit and combined with 
other sources such as contacts from the researcher’s past experience working in the 
PWD, known company directors and higher ranked PWD officers, and also other 
well-known people from the industry. This was important in order to get access to 
other potential respondents. Details of “first link” respondents are shown in Table 5.4 
below. 
Table 5.4 shows the number of respondents that were called or met, as well as 
the total number that initially agreed to participate towards development of “first 
link” respondents for this research survey. These first link respondents then were 
asked to suggest or recommend any other candidates who might suit this research 
requirement. As can be seen, most of the respondents approached are contractors 
because that was the only information this research could obtain from the Project 
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Table 5.4: Detailed “First Link” Respondent Profile (Survey) 
Respondent 
Group 
1st Link (Approached / 
Contacted) 
1st Link (Agreed) 
Receptiveness 
Rate 
Phone 
Walk 
in 
Total Phone Walk in Total 
Contractor 
(From list 
obtained) 
117 9 126 16 7 23 18.25% 
Client (Past 
friends / 
contacts) 
2 17 19 2 12 14 73.68% 
Consultant (Past 
friends / 
contacts) 
25 20 45 20 16 36 80.00% 
TOTAL 144 46 190 38 35 73 38.42% 
 
Monitoring Unit in the Malaysian PWD. Out of 226 contractors in the list, this 
study contacted as many as possible but not all of them could be reached because 
some did not want to take calls, while others had changed their contact details. 
However, this researcher still managed to call 117 of them and performed walk-ins 
on another 9. Other than that, contacts or people that the researcher had worked with 
during previous working days were used to ask for commitment. Although their 
numbers were few, they were important in enabling this research to secure as many 
“first link” respondents as possible; and in the end, 19 of them from client 
organisations and 45 from consultant organisations were contacted. As for suppliers, 
the researcher had no contacts, thus had to depend on other links.  
Overall, receptiveness rates from past contacts were quite high, at 80% from 
consultants and at about 74% from the client group. On the other hand, only 23 of 
126 contractors contacted agreed to take part in the survey and seven of them were 
from the nine walk-ins that were done. Thus, the “first link” was made up of 68% of 
the researcher’s past contacts (client and consultants) compared to only 32% of 
contractors. This suggested that security and trust were probably major issues as 
most of the contractors were not known to the researcher. In contrast, client and 
consultant groups, who comprised the researcher’s past contacts, gave very good 
commitment. Nevertheless, for this study, 73 “first links” were successfully obtained, 
thus they were then given a questionnaire form in any medium agreeable to them (i.e. 
by hand, e-mail, postal, etc.) as well as a period of time to respond.  
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Thereafter, these “first links” were used to get to other links of respondents. 
They were asked if they would be able to suggest or recommend any other people / 
organisation that would qualify to take part in this survey. While hesitations were 
experienced, many had no objection in proposing others. Details of respondent links 
are summarized in Table 5.5. As shown in the table, starting from contacting 190 
respondents in the first link (refer Table 5.4); this research obtained 73 respondents 
that agreed to participate. Then, 69 of the 73 respondents gave other links resulting in 
another 100 respondents approached in the second link, in which 84 agreed to 
participate. Later, 71 of the 84 respondents gave more links resulting in another 111 
approaches in the third link, in which 95 of them agreed to participate. This 
continued until the seventh link, which in the end resulted in a total of 541 
respondents approached and 376 who agreed to participate. These respondents were 
approached either by walk-in, telephone or e-mail over a seven (7) stage links.  
Table 5.5: Detailed Respondents Link Profile (Survey) 
 
 
Despite achieving a very low receptiveness rate in the first link (i.e. 38.42%), the rate 
improved significantly in the next link and at a quite consistent rate until the seventh 
link. 
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For the sake of ease of the respondents as well as to encourage better 
responses, questionnaires were passed to them according to their preferences such as 
by hand, e-mail or by post.  In many cases, the walk-in respondents passed the 
completed the form on the spot; however, most of them did not and requested time, 
averaging between two to three weeks, to respond. The number of variables in the 
questionnaires (i.e. 210) was generally the main reason for the extended time 
required by the respondents.  This was agreed upon by the researcher to ensure the 
best attention was given by the respondents when answering the questionnaires and 
also to improve response rate.  
The respondents that took part were asked to propose, suggest or recommend 
others as potential participants. As can be seen in Table 5.5, recommendation rate by 
the 1
st
 link (94.52%) was very high, probably because many of them are known to 
the researcher (i.e. 68% commitment in “first link”) thus they were more cooperative. 
However, as the link increased, relationship-wise it became more distanced, thus 
recommendation rate also decreased, except for the 6
th
 link which was probably 
because only six respondents were involved and therefore the percentage was easily 
affected. The same could also explain the trend of response rate, in which it started 
from as high as 49.32% during the “first link”, then decreased to about 36% in the 
“second link”, 26% (third link), 19% (fourth link), 13% (fifth link), 18% (sixth link) 
and 0% (seventh link). Further details on the respondents are summarized in Table 
5.6. 
As shown in Table 5.6, the majority of respondents were approached using 
telephone (54.16%), followed by walk-in (41.96%) and email (3.88%).  To ensure 
better response rate, possible respondents were first approached (i.e. by phone, walk-
in, e-mail) to establish relation/contact and to obtain their consent to take part in the 
survey. This was done to all respondents starting from the first link through to the 
other links. Walk-ins were used on as many occasions as possible as direct contacts 
improved chances for response. On the other hand, the telephone call was used to 
make up for limited time in this study since walk-ins for all of them would be quite 
impossible; e-mails were used in circumstances where both of the other methods 
could not be applied. Questionnaires were generally passed out by hand when doing 
walk-ins, while post / mail method was used in the majority of cases involving 
respondents contacted by phone. This was done as per the respondent’s request and  
  
Chapter 5: Research Methodology 89 
Table 5.6: Detailed Respondent Profile (Survey) 
 
  
ample time was given as per their requests to ensure a better response rate.  E-mails 
were however minimized as they lack human contact, which was deemed important 
in getting positive reactions from the potential respondents. 
Overall, the combination of techniques used for approaches and links enabled 
the researcher to reach many respondents despite the very limited information 
available at the beginning stage. This was very important for an improved response 
rate, which was needed to achieve maximum validity of the results. The most 
significant of these were the contractors’ approach rate, where 203 of them were able 
to be reached (even though they many not represent 203 firms as many firms had 
more than one (1) qualified candidates); and 182 of them took a questionnaire form. 
However, considering that one firm cannot have more than three (3) candidates, this 
means that this researcher has managed to reach a vast number of the contractor 
population, even though their final response rate was quite low, something which 
was not within the researcher’s control. From first link contacts, the  researcher also 
managed to reach up to 73 suppliers which could be considered quite an achievement 
considering that at the beginning (during “first link”), not even a single supplier was 
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available. Other achievements from the techniques used were that this study ended 
up with 97 respondents from the client group and 168 consultants, despite starting 
with only 19 and 45 contacts respectively. Further to that, the proportion of 
consultants was also considered quite fair when compared to statistics from the 
Malaysian Ministry of Finance (MOF). The MOF statistics showed that as per 
September 2009, a total of 492 architect firms, 852 civil engineering firms, 318 
quantity surveying firms and 651 mechanical and electrical firms were registered.  
This data is reliable since registration with MOF is a must for all consultants wanting 
to tender government jobs. Details of their proportions are shown in Table 5.7. These 
achievements further showed the effectiveness of procedures used in this research. 
Even though not all of them agreed to participate and an even lower number actually 
responded (Table  5.7), reaching as many as possible respondents was of  the utmost 
priority in this study as the more people were approached, the better were the 
expected response rates. The generally hidden population in this research, combined 
with security and reputation concerns, supported the approach used in this study to 
maximize samples and response rates. The final outcome obtained could be 
considered quite satisfactory. 
 
Table 5.7: Detailed Consultant Group Profile (Survey) 
 
 
With regard to Table 5.7, the column on “Registered with Ministry of Finance” 
details out their numbers and how their portions are were distributed. This could 
provide a general guideline on the possible distribution of consultants in government 
projects. When compared to column “Identified Population” which refers to number 
of respondents initially approached, it could be seen that proportions, while not 
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exactly similar, were quite fairly distributed when compared to the MOF statistics. 
However, the same was not the case with the total sample as the portion of 
consultants that agreed and took a set of questionnaires were quite similar in portion 
(refer column “Initial Reception (Took Questionnaire)”. This was because the 
researcher had better control over how many consultants were approached rather than 
how many of them were going to give their commitment. The researcher could try 
his best but could not force them to commit. Besides, the researcher also depended 
on links provided, therefore, the more links obtained for any discipline, the better 
number of responses that can be hoped for. However, when compared to the final 
response rate (refer column “Overall Reception (Returned Questionnaire)”), the 
proportions were acceptable except for civil engineers, which was roughly half of 
what was expected. Again, this could be possibly justified by the fact that the 
researcher did not have much control over how many of them would respond, despite 
the best measures that were taken by the researcher to maximize the response rate.  
The proportion obtained from MOF only serves as a guide and may not 
necessarily be the case for projects in this study since the statistic refers to all of the 
registered consultants. Some consultants (i.e. civil engineers) may be involved in 
more than one project thus their actual numbers may be less compared to other 
disciplines. 
Overall response rate (i.e. 29.52%) was generally much lower compared to the 
initial agreement rate (i.e. 69.5%) (refer Table 5.5). Out of 376 of the questionnaires 
distributed, only 111 were returned, which greatly surprised the researcher. Despite 
steps taken to firstly get agreement to commit as part of the steps taken to maximize 
response, results were not as expected. One reason could probably be due to the fact 
that many respondents were identified through referral / links, thus they probably felt 
they needed to show commitment to a certain level for the sake of perception of their 
friends, thus giving initial acceptance, or perhaps they simply did not feel obliged to 
commit to the researcher thus could change their mind and not respond. In some 
cases, giving agreement may have only been a way to “politely” divert the researcher 
as there was ‘nothing in it’ for them, and also nothing to lose just by taking a 
questionnaire form. Other reasons could probably be due to the high number of 
variables involved need quite some time to be allocated to complete them. 
Considering the fact those respondents’ personal details (i.e. name, organisation 
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name, etc.) were not required and will be kept anonymous, they probably thought 
that the researcher would not be able to tell who responded and who did not, thus 
they did not take the questionnaires seriously. 
Out of the 111 returned questionnaires, the client group (66.07%) gave the 
most responses, followed by the consultant group (37.65%) and lastly the contractor 
group (17.87%) (refer Table 5.6). The excellent response rate from the client group 
could probably be justified due to the better security level they feel being high up in 
the government project hierarchy. Also, government staffs generally have “public-
duties” on top of their daily routines and therefore, provided the students have proper 
letters and ethical approvals, they feel responsible to provide assistance. On the other 
hand, the consultant group, while lower than the client group, also had quite good 
response rate. However, the contractor group responded badly despite highly 
dominating the number of respondents approached. Referring back to the survey 
outcome, a majority of the projects were said to be practicing “Open Tender” in 
which commonly the contractors are generally on the lower hierarchy. Therefore, this 
researcher suspected that security concerns may have been very high among them 
especially in that this research concerns delays in a major government development 
plan (RMK9). Besides, contractors basically do not have much “public-duty” such as 
helping out students and are more concerned with profit, thus these elements may 
have influenced their response rate. 
Nevertheless, all questionnaires that were returned were filled in properly and 
completely, thus all of them could be used for analysis. This showed that those who 
responded were generally the most committed ones and as a result they filled in the 
forms properly and enthusiastically.  Taking into consideration the limitations and 
difficulties faced in terms of identifying populations, this study has demonstrated that 
as much effort as possible had been made in the data collection, based on the 
following: (1) Getting approval / commitment towards maximizing chances for 
response. This is deemed better than the common postal questionnaire where survey 
forms are posted to as many samples as possible based on the list at hand hoping that 
they would respond, which is riskier and harder to predict the response rate; (2) The 
study went up to 7 links to obtain responses; (3) The study maximizes walk-in 
approaches to form more direct contacts; (4) The process of approaching possible 
respondents was undertaken even before questionnaires were ready. Resources at 
  
Chapter 5: Research Methodology 93 
hand and previous contacts of the researcher were called up while preparing for the 
survey to make up for the limited time at hand. Since this research was clear in terms 
of its objectives, the researcher could explain to the respondents and get their initial 
approval first, then later provided them with the questionnaire form; (5) Utilizing 
multiple methods to reach respondents (i.e. walk-in, email, phone call, etc.) and to 
send questionnaires (i.e. by hand, mail, e-mail, etc.); (6) When organisations have 
more than one qualified respondent, all of them (or a maximum of 3) were 
approached in the quest to maximize sample and response; (7) Following up with 
respondents to improve response rate; (8) Adhering to all QUT ethics requirements 
by providing all respondents with the QUT ethics forms, which detailed out all 
research information and confidentiality aspects of data. This was important so that 
the respondents knew what was required of them and how they would be protected. 
This had increased their level of commitment. 
In the end, despite the unavailability of data concerning population, this study 
has managed to find its way through to the respondents to uncover the issues 
concerning delay in the projects. The method used was the best method available to 
enable the data to be collected and is backed with proven past research with regard to 
adopting snowball sampling.  Past research reports supported that snowball sampling 
method is beneficial in research involving hard-to-reach groups of people such as in 
this study (Valdez & Kaplan, 1999; Sadler et al., 2010; Cohen & Arieli, 2011); thus 
justifying the acceptability of the outcomes of the study. Thus in this study the 
amount of data collected was sufficient and analysis of results adequate to produce 
meaningful results. 
 
5.6.2 Sampling for Interview – Only “Major Interviews”  
Since from the beginning this research was left with no choice but to use 
snowball sampling, the same applied for interviews. However, in forming first links, 
this research had previously taken proactive actions in the fourth section of the 
questionnaire, where qualified respondents could fill in should they be interested to 
take part in the interviews. Those people were then combined with several past 
contacts of the researcher thus enabling further links to be reached through them. To 
reduce bias, the number of recommendations was limited to only one (1) per person 
to ensure that only the best-suited and most willing individuals were selected for the 
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interview. As quite experienced respondents were required, there were also 
possibilities of them being reluctant or not interested to take part, thus the aspect of 
willingness was also given a weighting. All interviews were undertaken using the 
face-to-face method to allow for discussion until mutual-understanding was achieved 
thus further reducing bias; eye-contact also encouraged a higher level of sincerity in 
response. At the end of each session, an Australian keychain was presented to each 
respondent as a token of appreciation for the time and commitment provided.  
To qualify for the interview, all respondents were required to be active 
construction industry practitioners that had direct involvement in the delayed 9
th
 
Malaysia Plan building projects located within the Malaysia Peninsular and valued 
between RM20 Million to RM50Million. On top of that, each of them was also 
required to have a minimum of 10 years experience to ensure richness of 
information. The first link of respondents comprised ten people (three clients, two 
contractors, two suppliers and three consultants), in which only five agreed to 
participate (two clients, one contractor, one consultant and one supplier). These 
people then provided one link of respondent each within their own type of 
organisation in which all of them agreed to participate, thus totalling the number of 
respondents as ten. Later, the second link suggested another link also from their own 
type of organisation; but only the contractor, consultant and supplier agreed to 
participate, thus further totalling to 13. All three third link respondents again gave 
referrals but this time not all were from the same type organisation (i.e. the 
contractor recommended a consultant, the consultant recommended a contractor and 
the supplier recommended a client), thus bringing the total number to 16.  
The researcher used the concept of saturation to determine the appropriate 
sample size for the first interviews. This decision was based upon recommendations 
by Mason (2010) to avoid ending up with repetitive and unessential information 
which does not contribute to the research. Besides, the amounts of information 
obtainable from qualitative studies does not necessarily increase just because more 
data was obtained (Mason, 2010) and the author further claimed that “researchers 
generally use saturation as a guiding principle during their data collection” (p. 2) 
towards determining appropriate sample sizes. Therefore, the researcher decided that 
utilizing the saturation principle would be more productive rather than blindly 
proceeding with as many as possible interviews, which would not necessarily add 
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value to this research. The decision to call for saturation point after 15 interviews 
was found to be in accordance to Bertaux (1981)’s minimum suggestion (adapted 
from Mason, 2010). This decision was considered acceptable considering past 
research studies have found saturation point at even earlier stages – i.e. ten 
respondents by Atran et al. (2005) and six respondents by Morse (1994) and Guest et 
al. (2006). To further check consistencies, this research also studied results from the 
first six and ten interviews and results further confirmed that saturation point can be 
called upon. In fact, if this research was to go to a lower point, saturation could 
actually already be concluded at the 6
th
 interview (refer Table 7.4(b) in Appendix G). 
In fact, in the past there has been a consensus among many researchers that 
saturation generally arrives early on in research (Guest et al., 2006; Griffin & 
Hauser, 1993 and Romney et al., 1986). Therefore these findings further support this 
research’s decision that 15 interviews were sufficient to conclude results. Later in the 
second interview, all 15 interviewees were again approached for framework 
validation purposes. 
 
5.7 DATA ANALYSIS 
Data analysis aims at presenting information obtained through a series of data 
collection process towards achieving a conclusive outcome or result. It is best to 
initiate any sort of data analysis by first searching for patterns within the data at hand 
(Fellows & Liu, 2008). Selection of a proper data analysis technique is also crucial 
towards making the most out of the collected data as well as achieving the most 
accurate result. This section explains data analysis techniques that have been applied 
in this research. A detailed presentation of results is presented in Chapter 6 and 7. 
 
5.7.1 Questionnaire 
 
1. To Identify Main Factors Causing Delay  
Statistical Package of Social Science (SPSS) Version 20 software was used as a 
means of analysing questionnaire results. However, prior to the data analysis, all 
information was ensured to be in appropriate form by editing, categorizing and 
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ensuring only complete responses are analysed. Then, a number of statistical analysis 
techniques were performed towards achieving the intended objective. 
Then, before proceeding into more sophisticated analysis, demographic and 
project involvement details of all respondents (Section 1 and 2 of survey form) were 
first extracted out and tabled. In reference to Pallant (2007), these “categorical 
variables” were analysed by calculating their “frequencies”. Results then present 
participant’s information such as their position, type of organisation, number of 
projects they were involved in, its reputation and so on.  
The third section of the questionnaire was then analysed to determine the 
extent that each factor leads to delay. The descriptive method better suited the 
“continuous variables” (Pallant, 2007) involved in this section as the researcher was 
concerned with the “mean” values towards ranking the delay factors in descending 
order. However, these rankings were not yet conclusive and needed to be ensured in 
consistency before the main delay factors could be confidently established.  
This research took a number of statistical analyses towards extracting out the 
main delay factors based on results from the third section of the questionnaire. This 
process started by first ensuring the homogeneity of responses among all respondents 
and groups. Independent-Samples T-Test were used when comparisons involved 
only two levels, while anything more than that better suited using One-way Analysis 
of Variance (ANOVA) (Pallant, 2007). For thorough and comprehensive results, 
comparisons were done for all categories involved in section 1 and 2 of the 
questionnaire, thus ensuring every aspect of responses had been duly examined and 
guaranteed for consistency. Commonly, an significance level (Sig.) of less or equal 
to 0.05 (Sig. ≤ 0.05) reflects violation of the assumption of homogeneity of variance, 
however, considering the vast number of variables involved in this research (i.e. 
210), simply applying that “Sig.” level could lead to inaccurate results. Therefore, 
alpha value was revised using “Bonferroni correction” towards managing 
possibilities for Type 1 error (Pallant, 2007) and Family-Wise Error Rate (Meskaldji, 
2010). In fact, Meskaldji et al. (2010) claimed that “if we naively set a test level at α 
= 5% for each pair-wise comparison, we would expect 500 false positives per 10000 
voxels even if no real differences existed” (p. 1) meaning that with 210 variables, 11 
false positives could occur. “Sig.” level was therefore adjusted by dividing 0.05 with 
the intended number of tests (see Pallant, 2007) resulting to a stricter value of “0.05 / 
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210 = 0.000238” which also meant that, “confidence interval = 100% - 0.0238% = 
99.98%”.  
Next, this research checked on the consistencies of respondent’ perception in 
regard to the extent that each factor leads to delay. This was done by checking the 
consistency of mean scores (on each variable) among levels involved in each group 
analysed to search for any significant differences (Pallant, 2007). For example, if the 
group “according to nature of organization” had three levels, each variable was 
checked for any significant difference in mean among the three levels involved. 
Results could be obtained by looking at the “Sig.” value in the column labelled “t-
test for Equality of Means” for Independent-Samples T-Test and “Sig.” value in table 
labelled “ANOVA” for ANOVA test. However, for factors that violated assumption 
of homogeneity of variance during ANOVA test, a non-parametric alternative was 
used instead. For this purpose, Kruskal Wallis assisted in searching for differences in 
variables (Pallant, 2007). All testing duly applied Bonferroni corrections for better 
results.  
Should significant difference in mean occur (Sig. ≤ 0.000238), this research 
then proceeded in identifying which level may have caused the differences. For 
ANOVA tests, the post-hoc table labelled “Multiple Comparisons” guides on 
determining the location by looking for asterisk (*) marks in column labelled “Mean 
Difference” while the Mann-Whitney U test, which is used with Kruskal Wallis test, 
requires inspection on the “Rank” Table (Pallant, 2007).  
Then, this research went on to confirm which level was the culprit towards 
proposing a new pair of variables to represent both significantly different levels. To 
achieve this, the “Descriptive” table was inspected for analysis using ANOVA to 
search for levels that are possibly the culprit responsible for the difference. The level 
that was found significantly different in “mean” value compared to others was taken 
out and data were re-analysed. Since all groups involved had only three levels, taking 
out one reduces them to two levels, thus the Independent-Samples T-Test was used 
instead for re-analysing. If results then indicate no significant difference in mean, the 
suspected culprit was confirmed. On the other hand, through the Mann-Whitney U 
test, “Rank” table was inspected to look for a significantly different “Mean Rank” 
value to be marked as the suspected culprit. The culprit was removed, Mann-
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Whitney U test was undertaken and if “Asymp. Sig. (2-tailed)” exceeded 0.000238 
means that the culprit was confirmed.  
In both of the above cases, after culprits were confirmed, a new pair of 
variables was proposed and their respective “mean” values calculated. An example 
on how this was - Say for instance this research found that the “Client” and “Non-
Client” levels had a significant difference in mean between each other on Variable 
‘A’. This also implies that both have an obviously different perception on the extent 
that each factor leads to delay thus a new pair of variables was proposed – Variable 
‘A’ (Client) and Variable ‘A’ (Non-Client) and a new mean value was calculated and 
assigned to each of them. Therefore if the “Client” had a higher mean value than the 
“Non-Client”, it means that the “Client” believed that the factor had a higher impact 
on delay compared to the “Non-Client”. This also means that Variable ‘A’ could 
either be on a higher of lower ranking compared to before. Now, whose perspective 
better represents the majority of respondents’ views? This was when Interview ‘B’ 
was undertaken on three (3), more-than-10 years, experienced practitioners 
(previously explained in Section 5.5.1) towards finding reasonable justifications and 
deciding which perspective was most accurate and better represented the majority.  
After most appropriate factors (variables) had been confirmed, other non-
representative views were deleted and remaining factors were ranked in descending 
order. Finally in deciding the main delay factors, a Paired-Samples T-Test was used. 
According to Pallant  (2007, p. 237) “paired-samples t-test can also be used when 
you measure the same person in term of his/her response to two different questions”. 
Factors were therefore compared among each other throughout the ranking, starting 
with factors ranked 1
st
 and 2
nd
. If no significant difference was recorded between 
scores of those two factors, analysis was continued between factors ranked 1
st
 and 3
rd
 
and “Sig. (2-tailed)” values were inspected again. A “Sig. (2-tailed)” value of less 
than 0.05 signals a significant difference in scores (Pallant, 2007) for which, when 
encountered, a cut-off was made and all factors grouped thus far were clustered into 
a division. Starting from the cut-off point, a similar process was continued until all 
factors (variables) had been analysed. Final results were then examined and main 
delay factors were determined.  
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2. Grouping Main Delay Factors into Pathogens and Sub-Categories of 
Pathogens 
In grouping these factors, factor analysis was first attempted. This method has 
in the past been used to group clusters of correlated variables into components and 
has been considered a good data reduction tool (Pallant, 2007). Considering 
similarity in the aim of this research – to group cluster of main delay factors in 
pathogens and sub-categories, this analysis tool was first considered.   
In taking out the analysis, this research started by determining the suitability of 
the method by taking into account aspects such as the appropriateness of samples 
sizes as well as the relationship among the factors (Pallant, 2007). While generally 
larger samples have been recommended (i.e. Tabachnick and Fidell, 2007), the 
suitability of this research sample (i.e. 111) was based on Hair et al. (1998)’s 
minimum condition of 50. On the other hand, strength of correlations could be 
considered appropriate either by referring to  values of Bartlett’s test of sphericity 
(Bartlett 1954) for “p < 0.05” (Pallant, 2007) or KaiserMeyer-Olkin (KMO) (Kaiser 
1970, 1974) for a minimum of 0.6 (Tabachnick & Fidell, 2007). However, 
appropriateness of this research did not meet both of the above requirements thus a 
third option was attempted. It has been suggested that factor analysis could also be 
suitable if a visual screening on the correlation matrix showed some good 
coefficients (Hair et al., 1998) in which a  minimum coefficient of 0.20 had been 
accepted (Everitt, 2002; Field, 2005) and thus was used in this research. 
After ensuring suitability of factor analysis, exploratory factor analysis (EFA) 
was initiated as suggested by Tabachnick & Fidell (2007) to decide on the most 
appropriate number of factors to be extracted (Cattell, 1978; Glorfeld, 1995; 
Goodwin & Goodwin, 1999), which characterizes relationships among all variables 
involved (Hayton et al., 2004) before conducting confirmatory analysis. For this 
purpose, SPSS Version 20 provides a number of extraction techniques: - (1) 
"Principal Components”, (2) “Unweighted Least Squares”, (3) “Generalised Least 
Squares”, (4) “Maximum Likelihood”, (5) “Principal Axis Factoring”, (7) “Alpha 
Factoring” and (8) “Image Factoring”; as well as different rotational approach: - (1) 
“Varimax”, (2) “Direct Oblimin”, (3) “Quartimax”, (4) “Equamax”, (5) “Promax” 
and (6) “None”. These rotations can be divided into two types namely the 
“orthogonal” (“Varimax”, “Quartimax” and “Equamax”) and “oblique” (“Direct 
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Oblimin” and “Promax”) approaches (Pallant, 2007). Depending on research needs, 
the extraction and rotation approaches can be combined. However, “Principal 
Component” analysis was recognised as the most common extraction while 
“Oblimin” rotation was considered to be the best path to initiate (Pallant, 2007) and 
duly used in this research to commence analysis. Then, when results were 
unsatisfactory, all possible combinations (refer Table 5.8) were experimented to 
study and compare results. 
In reference to Table 5.8, only the first combination could be analysed. Even 
though results was computed for the second combination, the correlation matrix was 
of ill condition and SPSS noted that it may produce invalid results, thus the 
combinations were also ruled out. Meanwhile, the last five combinations could not 
be computed at all.   
Then, in deciding the best number of factors to be retained, this research had to 
properly select appropriate techniques. Available methods have been evaluated to 
measure efficiencies (Horn & Engstrom, 1979; Zwick & Vellicer, 1986; Hubbard & 
Allen, 1987; Lautenschlager, 1989; Buja & Eyuboglu, 1992) but this study only 
adopted two namely “Horn’s Parallel Analysis” and “Cattell’s Sree Test” which was 
duly applied for all solutions in combinations No. 1 (refer Table 5.8). 
 
Table 5.8: Combinations of Exploratory Factor Analysis Carried Out, Computation Results 
and Decisions Made 
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The highly recognised Parallel Analysis (Humphreys & Montanelli, 1975; 
Zwick & Velicer, 1986; Thompson & Daniel, 1996; Ledesma & Valero-Mora, 2007) 
was first initiated using “Monte Carlo PCA for Parallel Analysis” which was 
acknowledged by Watkins (2006, p. 345) as being better than the other option (i.e. 
“MacParallel”). This method concerns only two values - “random eigenvalues” (from 
Monte Carlo PCA for Parallel Analysis) and “initial eigenvalues” (from EFA 
results). Only factors with higher random eigenvalues compared to initial 
eigenvalues are accepted (Ledesma & Valero-Mora, 2007), which then are taken 
through confirmatory factor analysis (CFA). CFA results were inspected using 
guidelines by Pallant (2007), which were follows: – 1st: Checking the total variance 
explained by the number of solutions selected; 2
nd
: Inspecting the strength of 
relationships based on “Component Correlation Matrix” and “Component 
Transformation Matrix” tables (above 0.30 indicate strong correlations); 3rd: 
Examining “Pattern Matrix” and “Rotated Component Matrix” tables to look for 
highest loading in each variable; 4
th: Lastly, “Communalities” table was ensured to 
be free of values below 0.30 confirming that variables fit well with other variables in 
their respective components. All results were then tabulated, compared and 
concluded.  
However, when Parallel Analysis failed to produce appropriate results, this 
research took on the Scree Test as a second initiative. While the “K1 - Kaiser’s 
eigenvalue greater-than-one rule” (Kaiser, 1960) had been most popular (Fabrigar et 
al., 1999), experts do not recommend it (Ledesma & Valero-Mora, 2007) and Scree 
Test have been regarded the better option (Zwick & Valicer, 1986). Similar with 
Parallel Analysis, after the number of factors to be extracted has been decided, CFA 
was conducted and similar procedures were accordingly undertaken and lastly results 
were tabulated, compared and concluded.        
 
5.7.2 Semi-Structured Interview 
This research took a number of interviews in achieving the project objectives 
(refer Table 5.3). Minor interviews involved a preliminary interview and another 
interview to complete data analysis of questionnaire results while major interviews 
were used to achieve objective number two and three. 
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Preliminary interviews mainly aimed to supplement delay factors in the 
questionnaire form. Therefore, delay factors that were pointed out by interviewees 
were picked out and combined with factors from past literature. In the event factors 
from interviews also existed in literature, the factors were mentioned only once in 
questionnaire form. The collective factors that were obtained ensured completeness 
of list of possible delay contributors to be taken out for survey.  
The other minor interview was conducted on only three experienced 
professionals towards justifying reasoning for a few factors that had significant 
difference in mean between two groups of respondents. This was to decide which 
perception better represented the majority before this research could proceed to 
determining the main delay contributors. For this purpose, interview responses were 
compared among the three professionals and based on the majority’s response, 
justifications were made on which perception would be accepted for a representative 
outcome. 
As for the major interviews, three purposes were involved. The first two 
purposes were to – (1) Validate the groupings of main delay factors into Pathogens 
and Sub-Categories of Pathogens, which was done using self-justifications; and (2) 
To identify beneficial SCM tools to mitigate each Pathogen and the Sub-Categories 
of Pathogen. These two results then produced the research initial framework 
presenting an outline of each Pathogen and their sub-categories as well as list of 
SCM tools matched for their mitigation / reduction. Then, another interview was 
undertaken to achieve the third purpose, which was to validate the initial framework, 
thus concluding findings. In achieving both first and second purpose, results were 
analysed using “content analysis”. According to Fellows & Liu (2008, p. 189) 
“content analysis may be employed, at its most simplistic, to determine the main 
facet of a set of data, by simply counting the number of times an activity occurs, a 
topic is mentioned, etc.”. In undertaking the analysis, firstly respondents’ 
explanations (in “Malay” language) were properly translated (to English), analysed 
and concluded to ensure proper examination of all answers without misinterpreting 
any meanings. Then, responses and comments were studied and SCM tool selections 
were detailed out. In the end, the majority’s selections dictated how the initial 
framework was developed. Similarly, the majority’s perception was used to decide 
whether the framework could be considered validated or not.  
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5.8 ETHICAL CONSIDERATIONS 
This research placed the participants’ security as the utmost priority. All 
necessary steps were taken to ensure that confidentiality of all respondents was 
protected and that their responses remained anonymous when transcribed. This 
research had also been awarded an ethical clearance from the University’s Research 
Ethics Committee prior to starting any data collection to further ensure strict 
adherence to data management requirements and procedures.  
 
5.9 CHAPTER SUMMARY 
This chapter presented and detailed methodological aspects of this research and 
strategies towards achieving the objectives. Examination of a wide range of 
literature, past research, reports and presentations has derived a number of gaps 
which this research has aimed to address. Accordingly, quantitative and qualitative 
approaches involving one round of questionnaire survey and four rounds of semi-
structured interviews were strategized respectively and using snowball sampling, 
respondents were reached. Then, quantitative figures were analysed using a number 
of sophisticated statistical analysis tools while content analysis catered for qualitative 
data. A combination of these methods led to the development of a research 
framework, which was then validated through another session of interview. The next 
two chapters present analysis details for both quantitative and qualitative data.  
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Chapter 6: Data Analysis - Questionnaire 
6.1 INTRODUCTION 
This chapter reports results from the questionnaire survey, which is aimed at 
ranking and identifying the main factors / problems at pre-construction stage that 
lead to delay of Malaysian public sector building projects. It would present all steps 
taken towards concluding the results and utilized a number of statistical analyses. 
The questionnaire involved 111 Malaysian construction industry practitioners who 
took part in the delayed Ninth Malaysian Plan building projects.  At the end of this 
chapter, a summary of the findings are presented. Unless otherwise stated, the sample 
size in this chapter was 111 (N = 111) and the number of variables were 210. The 
questionnaire form can be referred to in Appendix ‘D’ while steps undertaken in the 
following analysis are based on Section 5.7.1 in the Research Methodology chapter. 
 
6.2 RESPONDENTS AND THEIR PROJECT INVOLVEMENT DETAILS 
This section presents results concerning the demographic and project 
involvement details of all respondents, which were extracted from the first and 
second section of the questionnaire form. The variables involved were analysed 
using “frequencies” to calculate the number of occurrences towards generalizing 
results.  
Table 6.1 presents the details of respondents that have taken part in this survey 
based on positions they hold in their respective organisations. Generally, responses 
were quite balanced between the three managerial levels however, in term of 
response rate; best commitment was given by “Mid-level Managers” with almost half 
of them returning survey forms. “Senior Managers” came in second with about a 
30% response rate while “Managers” were slightly less at roughly 20% despite the 
majority of samples being from this group. 
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Table 6.1: Respondent Details According to Their Positions in the Current Organisation 
 
Based on Table 6.2, “Contractor” was the biggest group approached followed 
by “Consultant” and “Client”. However, figures were the other way around in term 
of response rates with the vast majority of responses coming from the clients. 
Coming second with almost half of those from clients were the consultants (37.65%) 
followed by contractors (17.87%). Nevertheless, the final number of responses was 
quite proportionate from all three organisations.  
 
Table 6.2: Respondent Details According to the Nature of Organisation 
 
To fit the scope of this research, only Grade ‘A’ and Class ‘G7’ contractors 
were qualified for this research. These groups are eligible to take on projects valued 
at RM 10 million and above. Based on Table 6.3, roughly two-thirds of them were 
Grade ‘A’ ones while the rest were from Class ‘G7’.  
 
Table 6.3: Contractor Details According to the their Registration Grade 
Nature of Organisation Sample 
Number of 
Responses 
Response 
Rate 
Managers 174 35 20.11% 
Mid-level Managers 88 42 47.72% 
Senior Managers 114 34 29.82% 
Total 376 111 29.52% 
Nature of Organisation Sample 
Number of 
Responses 
Response 
Rate 
Clients Group 56 37 66.07% 
Consultants Group 85 32 37.65% 
Contractors Group 235 42 17.87% 
Total 376 111 29.52% 
Contractor Grade Number of Responses 
A 19 
G7 8 
Total 27 
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Table 6.4 divides the respondents based on their experience in the construction 
industry. Most of them had between five and 15 years’ experience, while the other 
two groups were quite evenly divided. It is notable that a high majority of the 
respondents come from a quite experienced group of people. 
 
Table 6.4: Respondent Details Based on Their Experience in Construction Industry 
 
In reference to Table 6.5, most respondents had quite good exposure to projects 
with approximately two-thirds of them being involved in between three to nine 
projects. A total of 36 people claimed involvement in more than nine projects while 
only six had less than three projects. This shows that respondents were indeed quite 
experienced, which was important for a reliable response.  
 
Table 6.5: Respondent Details Based on Number of Projects They Were Involved In 
Number of Projects Involved In Number of Responses 
Less than 3 projects 6 
3 to 9 projects 69 
More than 9 projects 36 
Total 111 
 
When asked on the average duration of projects they were involved in (refer 
Table 6.6), most respondents experienced periods between 12 to 24 months. Few 
experienced more than 24 months (16 respondents) while only six respondents had 
projects averaging less than 12 months in duration.  
 
 
 
 
Experience in Construction Industry Number of Responses 
Less than 5 years 19 
5 to 15 years 71 
More than 15 years 21 
Total 111 
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Table 6.6: Respondent Details Based on Average Duration in Projects They Were Involved 
Average Duration of Projects Number of Responses 
Less than 12 months 6 
12 to 24 months 89 
More than 24 months 16 
Total 111 
 
Table 6.7 presents the most common types of procurement adopted for the 
majority of projects involved by the respondents. The traditional open tender method 
was found to be dominating practices with a whopping 73%. In contrast, the latter 
two were way less popular at 12.6% for selective tenders and 14.4% for design and 
build. This clearly pictures the dominance of conventional working culture in 
Malaysian public sector project governance. 
 
Table 6.7: Respondent Details Based Procurement Route Used in Most of Their Projects 
 
 
 
Figure 6.1: Total Respondents Based Their Perception on Average Time Performance in 
Projects in which they were Involved 
0 
10 
20 
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Very Bad Bad Fair Good Very 
Good 
Perception on Time Performance 
Number of Responses 
Procurement route for most projects Number of Responses 
Open Tender 81 
Selective Tender (Pre-Qualified) 14 
Design & Build 16 
Total 111 
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Figure 6.1 presents the respondents’ perception on the average time 
performance of projects they were involved in. As can be clearly seen, most of them 
had bad experiences while many also had very bad ones. Very little had normal to 
very good experiences thus depicting a poor performance in projects in which 
repondents were involved.  
Results in Table 6.8 were in reference to responses in Figure 6.1 where 
respondents were asked on the average time extension they experienced in their 
projects only if they had “bad” or “very bad” experiences. On average, projects 
experienced more than 11% extra time when performance was not good, with the 
majority of them experiencing between 11% to 30% extensions beyond the original 
contract period. It also seemed very rare that less than 10% extra time was needed to 
complete those projects. 
 
Table 6.8: Respondent Details Based on Their Perception on Average Delay Rate of Projects 
Average delay if time performance was 'Bad' or 'Very 
Bad' 
Number of Responses 
Not applicable 26 
Less than 10% extra time from the original contract period 7 
11% to 30% extra time from the original contract period 42 
More than 30% extra time from the original contract 
period 
36 
Total 111 
 
 
6.3 IDENTIFYING AND ESTABLISHING THE MAIN FACTOR CAUSING 
DELAY 
This section analyses response from the third section of the questionnaire form 
ultimately aimed at establishing the main delay factors. A number of analysis 
methods were used and computed using SPSS Version 20. Descriptive analysis was 
initiated to rank the delay factors in descending order, according to their mean 
scores. The full results can be viewed in Table 6.9 in Appendix ‘E’. However, these 
rankings were not yet conclusive and needed to be ensured in consistency before the 
main delay factors could be confidently established. This section presents analyses 
undertaken until the main delay factors were finalized. Only a summary of related 
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results are presented while the overall figures are shown in Table 6.10(a) and Table 
6.10(b) in Appendix ‘E’. Unless otherwise stated, all groups had three levels except 
for the group “According to Contractor Grade” which had only two levels. 
 
6.3.1 Investigating Homogeneity of Responses 
First, the homogeneity of variance for all the variables was checked. One-way 
Analysis of Variance (ANOVA) was applied for all groups that had more than two 
levels while Independent-Samples T-Test was used for the group with only two 
levels. As has been mentioned in Section 5.7.1 in the Research Methodology chapter, 
“Sig.” values were adjusted using Bonferroni corrections to 0.000238 and 
“confidence intervals” to 99.98%.   
 
 Independent-Samples T-Test 
This test was applied only for comparing homogeneity of variance on the group 
“according to contractor grades”. The required results are in the column labelled 
“Levene’s Test for Homogeneity of Variances”, which portrays the results.  
 
Table 6.11: Summary of Factors that Violated Assumption of Homogeneity of Variances 
using Independent Samples T-Test.   
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Table 6.11 summarized results from Independent Samples T-Test only for 
factors that violated the assumption of homogeneity of variance. In overall, only two 
factors had violation (Sig. ≤ 0.000238) and figures are highlighted in the above table.  
 
 One-Way Analysis of Variance (ANOVA) 
This analysis was applied to all other groups except those “according to 
contractor grades”. Table 6.12 summarizes results for all factors that violated 
assumption of homogeneity of variance using the results of this test.  
 
Table 6.12: Summary of Factors that Violated Assumption of Homogeneity of Variances 
According to Different Groups 
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In reference to Table 6.12, all groups had at least one factor that violated the 
assumption of homogeneity of variance (Sig. ≤ 0.000238) with the most being 
recorded in the first and last group – four factors respectively. In reference to 
guidelines by Pallant (2007; p.246), all these factors have also been checked for their 
“Welsh” and “Brown-Forsythe” figures in which all of them did not pass. Table 6.12 
is meant to summarize respective factors while the full results are in Appendix B. 
 
6.3.2 Checking Consistency in Responses and Proposing New Pair of Factors 
Next, this research proceeded on verifying consistencies of respondents’ 
perceptions in regard to the extent that each factor leads to delay. If any 
inconsistency was identified, their locations were identified and a new pair of factors 
were proposed to represent perceptions of the two different respondent groups. 
Firstly, this research would like to note that the Independent Samples T-Test showed 
no significant difference in mean between different contractor grades, therefore, this 
section only presents results for other groups in which all of them have more than 
two levels. As has been mentioned early in this section (refer Section 6.3), complete 
figures concerning this section are shown in Table 6.10(a) and Table 6.10(b) in 
Appendix ‘E’ while only summaries are presented here. Bonferroni corrections were 
also accordingly applied here. 
 
 One-Way Analysis of Variance (ANOVA) 
This analysis was used to check for any significant difference in mean for all factors 
which did not violate the assumption of homogeneity of variance using ANOVA. 
The summary of factors that had significant difference in mean are presented in 
Table 6.13. In reference to the table, values highlighted in yellow signify that these 
factors have significant difference in mean among the levels involved (Sig. ≤ 
0.000238) while those highlighted in red are the possible culprits that have been 
causing these differences. In determining where differences occur, this research 
mainly checked the “Multiple Comparison” table for asterisk (*) marks and then the 
“Descriptives” table was inspected to locate the possible culprit. However, in the 
factor “Respect level between project teams”, no asterisk (*) mark was found in 
“Multiple Comparisons” table but ANOVA result indicated a significant difference 
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to have occurred. In this situation, this research took extra measures by inspecting the 
“Descriptives” table to look for obvious patterns thus determining the possible 
culprit. In overall, seven factors had significant difference in mean and those were 
only between different types of organisations. Other groups were consistent and had 
no significant differences. 
 
Table 6.13: Summary of ANOVA Results for Factors with Significant Difference in Mean 
(According to Nature of Organisation) 
 
  
Chapter 6: Data Analysis - Questionnaire 114 
Based on Table 6.13, the possible culprits (highlighted in red in “Remarks”) 
were taken then for further analysis to confirm claims made. To perform this, the 
level involved needed to be removed and then data could be re-analysed towards 
enabling this research to confirm them as culprits. For re-analysing, Independent-
Samples T-Test was used instead because removing the “culprit” level would reduce 
the initial three levels to two and thus ANOVA would not be appropriate anymore. 
This was performed and when culprits were confirmed, a pair of new factors was 
proposed. Results are presented in Table 6.14 and 6.15. 
 
Table 6.14: Summary of Independent-Samples T-Test Results and the Proposed New Pair of 
Factors (After Deducting the Culprit - “Client”) 
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Table 6.15: Summary of Independent-Samples T-Test Results and the Proposed New Pair of 
Factors (After Deducting the Culprit - “Contractor”) 
 
 
Based on Tables 6.14 and 6.15, there were no more significant differences in 
mean for all factors after their respective culprits were removed. This can be seen 
based on their “Sig. (2-tailed)” value which well exceeded 0.000238 once the culprits 
were removed. Then, once these culprits were confirmed, new pairs of factors were 
proposed for each of them (highlighted in blue). In reference to the new factors in 
Table 6.14, “Cl” refers to “Client” group while “not Cl” refers to the “Non-Client” 
group, which means the pair represents the same factor but from different 
perspectives (Client and Non-Client). The same applies for Table 6.15 where “Ctr” 
and “not Ctr” refers to “Contractor” and “Non-Contractor” groups respectively.   
 
 Kruskal Wallis Test 
This test was undertaken as a non-parametric alternative for factors that 
violated assumption of homogeneity of variance (refer Table 6.12). Looking at 
results in Table 6.16, only “Project's Construction / Project manager leadership style” 
had statistically significant differences in variables (Asymp. Sig. ≤ 0.000238). 
Therefore, this factor required further analysis to identify where this difference lies to 
subsequently propose new pairs of factors; similar to what has been done using 
ANOVA.   
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Table 6.16: Summary of Kruskal Wallis Result According to Different Groups 
 
 
Based on findings from the Kruskal Wallis test (refer Table 6.16), Mann-
Whitney U test was used to identify which level was the problematic one. This study 
started by inspecting the “Rank” table to identify the suspected culprit. Once 
detected, the culprit was removed and Mann-Whitney U test was conducted to view 
results. When culprits were confirmed, a new pair of factors was proposed. A 
summary of Mann Whitney U test is presented in Table 6.17. 
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Table 6.17: Summary of Mann-Whitney U Test Results and the Proposed New Pair of 
Factors (After Deducting the Culprit - “Client”) 
 
 
In reference to Table 6.17, inspection on “Rank” table indicated that “Client” 
was the culprit causing the difference, thus it was taken out. Then, a Mann-Whitney 
U test was conducted which resulted in “Asymp. Sig. (2-tailed)” value of 0.731 (> 
0.000238). This therefore confirms “Client” as the culprit thus a pair of new factors 
was proposed (highlighted in blue) representing the same factor from both “Client” 
(Cl) and “Non-Client” (non Cl) perspective. 
 
6.3.3 Establishing Main Delay Factors 
Results from both Independent Samples T-Test and Mann-Whitney U test lead 
to eight pairs of new factors. Next, this research needed to determine which of the 
perspective of each delay factor best represents the majority’s view. This is because 
each of them has a different ‘n’ value – “Client (Cl)” = 37; “Non-Client (not Cl)” = 
74; “Contractor (Ctr)” = 42; “Non-Contractor (Not Ctr)” = 69; and dissimilar mean 
values. In some factors, the “Cl” point of view may have a higher mean score than 
“Not Cl” thus the same will appear in ranking. Therefore, this research needs to 
decide which point of view to select that most accurately represents the population. 
For that reason, a semi-structured interview was conducted on one representative 
from each client, contractor and consultant professional with more than ten years 
experience (previously explained as Interview ‘B’ in Section 5.5.1), towards finding 
reasonable justifications and deciding which perspectives are most accurate and 
better represent the majority. Respondent details are at Appendix ‘E’ together with 
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interview results and decisions which are presented in Table 6.18 in the same 
Appendix. Table 6.19 summarizes decisions that were made from the interviews. 
 
Table 6.19: Decision on Factors to be Retained and Deleted Based on Interview ‘B’ Results  
 
 
Once the most appropriate factors were decided upon, they were combined 
with other factors that had no significant difference in mean / variables. In the end, 
the number of factors reduced from an initial 210 to 209 as the factor “Accuracy of 
Design Documents” was deleted (refer Table 6.19). 
Then, this research proceeded to identifying and establishing the main delay 
factor. In doing so, all 209 factors were first ranked in descending order and then a 
“Paired-Samples T-Test” was carried out to cluster group factors with quite similar 
(no significant difference) impact on delay. Factors were compared among each 
other in descending order starting from the 1
st
 and 2
nd
 factor until arriving to a “Sig. 
(2-tailed)” value of less than 0.05 which then signals that factors grouped so far have 
quite similar impacts on delay. These factors were grouped under a division, then a 
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similar process continued, comparing from the factor at cut-off point with the next 
factor and so on; and everytime a “Sig. (2-tailed) < 0.05” was encountered, a cut-off 
was made again. This was performed for all 209 factors which resulted in 11 
divisions overall. Full results are presented in Table 6.20 of Appendix ‘E’, while 
summary of all divisions are – Division 1 (1 Factor), Division 2 (41 Factors), 
Division 3 (6 Factors), Division 4 (16 Factors), Division 5 (15 Factors), Division 6 
(16 Factors), Division 7 (5 Factors), Divison 8 (11 Factors), Division 9 (12 Factors), 
Division 10 (8 Factors) and Division 11 (78 Factors). 
Based on the factors’ divisioning, division 1 had only one factor, meaning that 
this factor is the most critical factor while the 2
nd
 division had a considerable number 
of 41 factors. Next came division 3 with significantly less number of factors (only 6) 
and the following divisions were also insignificant with 16 being the highest number 
of factors recorded per division. Even though divison 11 had 78 factors, all of them 
had “Sig. (2-tailed) = 0.000” (refer Table 6.20). Since all factors that were not 
applicable to the scope of this research were valued as ‘0’ when analyzed, all factors 
under division 11 were concluded as factors that are not applicable to this research. 
Therefore, this research concluded that divisons 1 and 2 were the most 
significant divisions thus only the top 42 factors were accepted as being the most 
significant delay contributing factors. Other divisions beyond that had rather low, 
scattered and insignificant numbers of factors per division. This therefore achieves 
objective number 1 and next, these 42 factors will be grouped into pathogens and 
sub-categories of pathogens towards achieving objective number 2. 
 
6.4 GROUPING MAIN DELAY FACTORS INTO PATHOGENS AND SUB-
CATEGORIES OF PATHOGENS  
In reference to sub-section 5.7.1 in Chapter 5, this research first attempted to 
conduct the groupings using factor analysis. Busby & Hughes’ (2004) paper was 
used as the main reference and guideline in naming the groupings (pathogen and sub-
categories) obtained from factor analysis results. However, should nothing from the 
paper suit any findings from factor analysis, new pathogen and sub-categories of 
pathogens were proposed based on understandings from Busby & Hughes’ method 
for grouping.  
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 This research came up with a vast amount of results using SPSS. Therefore, 
this section will only explain findings and which table to refer to, while full results 
can be referred at Appendix ‘F’. Factor analysis was conducted in two stages, firstly 
the Exploratory Factor Analysis (EFA) to determine number of components to retain, 
then Confirmatory Factor Analysis (CFA) was conducted to finalize outcomes. 
 
6.4.1 Exploratory Factor Analysis (EFA) 
In reference to Section 5.7.1 in Chapter 5, this research has ensured suitability 
of factor analysis based on visual observation on correlation matrixes, for which then 
“Principal Component” analysis extraction “Direct Oblimin” rotation was initiated. 
However, due to unsatisfactory outcomes, all possible extraction and rotation 
methods were attempted for which in the end, only “Principal Component” analysis 
with “Varimax”, “Direct Oblimin”, “Quartimax”, “Equamax” and “Promax” 
extraction (after this referred as “5 FA combinations”) were suitable for analysis 
(refer Table 5.8). Therefore, this section will only present these findings. 
After ensuring suitability of factor analysis (refer Table 6.21(a) to 6.21(e) at 
Appendix F), this research proceeded on determining the number of components to 
be retained. First, “Parallel Analysis” was attempted and when results were not 
satisfactory, “Scree Plot” was made a second alternative. The following sub-sections 
present results for both methods, starting with “Parallel Analysis”.  
 
 Parallel Analysis 
First, random eigenvalues were generated using “Monte Carlo PCA for Parallel 
Analysis” using 100 replications (refer 6.22 at Appendix ‘F’). These random 
eigenvalues were then compared with eigenvalues in table “Total Variance 
Explained” generated by SPSS for all 5 FA combinations in which all of them led to 
same results – 11 factors solution was suggested (refer Table 6.23(a) to 6.23(e) at 
Appendix ‘F’).  
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 Scree Plot 
First, information from Scree Plots and matrix tables were inspected to decide 
on most appropriate number of components to retain for all 5 FA combinations. In 
reference to Pallant (2007), “Component Matrix” and “Pattern Matrix” tables were 
also inspected for loadings above 0.40 and 0.30 respectively. However, “Pattern 
Matrix” table was only produced for “Direct Oblimin” and “Promax” rotations while 
“Equamax”, “Quartimax” and “Varimax” produces “Rotated Component Matrix”; 
thus rotated matrices were duly checked for loadings above 0.30. Table 6.23(x) 
tabulates out a number of factor solutions suggested by each matrix tables.  
 
Table 6.23(x): EFA - Suggested Factor Solution from all Matrix Tables 
 
 
In reference to Table 6.23(x), there was no consistent pattern for all 5 FA 
combinations. Suggested factor solutions between “Component Matrix” and “Pattern 
Matrix table (“Direct Oblimin” and “Promax” rotation) as well as between 
“Component Matrix” and “Rotated Component Matrix” table (“Equamax”, 
“Quartimax” and “Varimax” rotation) were far from consistent. This left this 
research with no choice but to solely rely on Scree Plots which suggested eight factor 
solutions for 5 FA combinations (refer Figure 6.2(a) to 6.2(e) at Appendix ‘F’).  
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6.4.2 Confirmatory Factor Analysis (CFA) 
After appropriate number of factor solutions has been determined, CFA was 
undertaken for both Parallel Analysis and Scree Plot. This sub-section presents 
results for both methods starting with “Parallel Analysis”.  
 
 Parallel Analysis 
This method produced 11 factor solutions via EFA. A quantity of information 
was inspected in analysing results starting with the “Total Variance Explained” table. 
All 5 FA combinations produced similar results - 71.523% variance was explained by 
the 11 factors (refer Table 6.27(a) to 6.27(e) at Appendix ‘F’), which could be 
considered quite good.  
Then the strength of relationship between factors was inspected based on the 
“Component Correlation Matrix” for Direct Oblimin and Promax rotation and the 
“Component Transformation Matrix” for Equamax, Quartimax and Varimax 
rotation. Results indicated that Direct Oblimin and Promax rotations had rather poor 
correlation with most of them being below 0.30 (refer Table 6.28(a) to 6.28(b) at 
Appendix ‘F’) while Equamax, Quartimax and Varimax rotations had better 
correlations with a number of them being above 0.30 (refer Table 6.29(a) to 6.29(c) 
at Appendix ‘F’).  
Thereafter, items in the “Pattern Matrix” table (for Direct Oblimin and Promax 
rotation) and the “Rotated Component Matrix” (for Equamax, Quartimax and 
Varimax rotation) were inspected for their highest loading for grouping purpose. 
Items were then grouped into distinctive components that had the highest loading, for 
example if Item “A”, “B” and “C” had their highest loading on Component 1, then 
they were grouped under Component 1. “Pattern Matrix” tables can be referred to in 
Table 6.30(a) to 6.30(b) while the “Rotated Component Matrix” tables can be 
referred to in Table 6.32(a) to 6.32(c) both at Appendix ‘F’).   
Before concluding the appropriateness of CFA results, “Communalities” tables 
were studied to ensure that no value was less than 0.30. The results showed that all 
values were appropriate, thus these CFA results are considered the most appropriate 
that this research could get. Communalities tables can be viewed in Table 6.33(a) to 
6.33(e) at Appendix ‘F’). 
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Once item grouping for each component (for all 5 FA combinations) has been 
confirmed, they are presented side-by-side in Table 6.34(a) (refer Appendix ‘F’) for 
ease of viewing, presentation and comparison. Based on table 6.34(a), the items were 
represented as the “Main Factors Causing Delay” while the colours represented 
locations which the item loaded highest in; and there is an indication at the bottom of 
the table on what each colour represents. 
This research would like to first explain reasons why the initial solution 
attempted (Principal Component Analysis with “Direct Oblimin” rotation) were 
considered inappropriate. Two sub-categories from Busby & Hughes (2004)’s paper 
will be used as an example - (1) “Communication” which is “Pathogens arising from 
practices to do with acquiring or giving information” and (2) “Specification” which 
is “Pathogens arising from practices to do with specification” (p.430). With reference 
to Table 6.34(a), factors such as “communication between owner and project team”, 
“communication between contractor and the project team”, “frequency of 
communication between the whole project team”, etc. supposedly belong under sub-
category “Communication” but were scattered in Component 1, 3, 7 and 8; while 
factors related to specification (i.e. “sufficient specification information”, “changes 
in specification”, etc.) were scattered in Component 4 and 8. Factors were mixed up 
and each component consisted of factors from different backgrounds. This made it 
impossible for this research to accurately name each component to represent as the 
latent variable for all factors in it. This scenario was also evident in the other four 
solutions (refer Table 6.34(a)) thus none of the results from all 5 FA combinations 
could be accepted for this research.  
Next, this research took another initiative by comparing all 5 FA combinations 
to look for consistent trends in the hope of producing some sort of significant result 
(refer Table 6.34(a)). Then, only factors that repeat noticeably within all 
combinations (at least in three out of 5 FA combinations) were accepted to represent 
factors for each component. Table 6.34(b) at Appendix ‘F’ summarizes factors that 
repeated three times or more based on Table 6.34(a). Based on Table 6.34(b), none 
of the factors repeated in all five combinations, ten factors repeated four times, 26 
factors repeated three times while the rest repeated two times or less. This means that 
only 36 out of 42 factors repeated three times or more, while six factors were very 
insignificant. Deleting these six factors would adversely affect this research result 
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and lead to loss of information. Besides, there was not much benefit in proceeding 
with the 36 factors, as outcomes were quite similar as before and factors were still 
very much mixed up. Therefore, this option was considered inappropriate and was 
ruled out.  
 
 Scree Plot 
This option was undertaken as an alternative to Parallel Analysis, in the hope 
of producing some sort of appropriate outcome. Steps taken to analyse results were 
similar as before, starting with the inspection of “Total Variance Explained” table. 
Results were similar for all 5 FA combinations - 59.262% variance was explained by 
the eight factors (refer Table 6.35(a) to 6.35(e) at Appendix ‘F’) which was still quite 
convincing.  
Consequently, the strength of relationship between factors was inspected based 
on the “Component Correlation Matrix” for Direct Oblimin and Promax rotation and 
the “Component Transformation Matrix” for Equamax, Quartimax and Varimax 
rotation. Results indicated that Direct Oblimin and Promax rotations had rather poor 
correlation with most of them below 0.30 (refer Table 6.36(a) to 6.36(b) at Appendix 
‘F’) while Equamax, Quartimax and Varimax rotations had better correlation with a 
number of them above 0.30 (refer Table 6.37(a) to 6.37(c) at Appendix ‘F’).  
After that, items in “Pattern Matrix” table (for Direct Oblimin and Promax 
rotation) and the “Rotated Component Matrix” (for Equamax, Quartimax and 
Varimax rotation) were inspected for their highest loading for grouping purposes. 
Items were then grouped into distinctive components that they had highest loading 
in, for example if Item “A”, “B” and “C” had their highest loading on Component 1, 
then they will all be grouped under Component 1. “Pattern Matrix” tables can be 
referred in Table 6.38(a) to 6.38(b) while the “Rotated Component Matrix” tables 
can be referred in Table 6.40(a) to 6.40(c), both at Appendix ‘F’).   
Then, before concluding the appropriateness of CFA results, “Communalities” 
tables were studied to ensure that no value was less than 0.30. The results showed 
that all values were appropriate thus these CFA results were considered the most 
appropriate. Communalities tables can be viewed in Table 6.41(a) to 6.41(e) at 
Appendix ‘F’). 
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Once item grouping for each component (for all 5 FA combinations) has been 
confirmed, they are presented side-by-side in Table 6.42(a) (refer Appendix ‘F’) for 
ease of viewing, presentation and comparison. Based on table 6.42(a), the items were 
represented as the “Main Factors Causing Delay” while the colours represented 
locations which the item loaded highest in; and there is an indication at the bottom of 
the table of what each colour represents. 
Results from Table 6.42(a) were again inspected, similar to what was done on 
Parallel Analysis results, and still factors were very mixed up. Factors which 
supposedly belong to sub-category “Communication” were scattered in Components 
1, 3 and 7 while those supposedly belonging to sub-category “Specification” were 
scattered in Components 1 and 4. Other components also consisted of factors from 
different backgrounds thus again; difficulties were faced in accurately labelling each 
component to represent as the latent variable for all factors in it. Other four solutions 
(refer Table 6.42(a)) faced the same case; none of the results from all 5 FA 
combinations were appropriate for this research.  
Therefore, again a comparison was made on all combinations in search of 
factors that repeat noticeably within all combinations (at least in three out of 5 FA 
combinations) with the hope of possibly achieving a reasonable solution (refer Table 
6.42(a)). Table 6.42(b) at Appendix ‘F’ then summarized factors that repeated three 
times or more based on Table 6.42(a). Based on Table 6.42(b), four factors repeated 
in all five combinations, 31 factors repeated four times while seven factors repeated 
three times. Despite not being promoted as better than “Parallel Analysis”, the “Scree 
Plot” actually produced better results where none of the factors repeated less than 
three times. However, inspection of the 42 factors still produced inappropriate and 
mixed up results, thus, no proper pathogen groupings could be produced.  
With these outcomes, this research therefore entirely ruled out factor analysis 
as a suitable method with which to group the main delay factors into pathogens and 
sub-categories of pathogens. The next option left was to self-group the factors and 
take them for validation through interviews.  
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6.5 SUMMARY 
This section has presented results from questionnaire surveys that have been 
conducted on the supply chains of the Malaysian public sector projects. Statistical 
analysis methods including ANOVA, Kruskal Wallis, T-tests and Mann-Whitney U, 
as well as a series of interviews, were undertaken towards identifying the main delay 
factors. Overall, responses were quite homogenous between all respondents, meaning 
that they had quite the same perspective on each factor. Despite experiencing some 
inconsistencies, they have been taken care off in the best possible manner within the 
researchers’ ability (i.e. semi-structured interviews). In the end, 42 factors were 
concluded as the main delay factors as they posed quite a consistent effect on delay.  
A series of factor analyses were then undertaken in the aim of grouping the 42 
main delay factors into pathogens and sub-categories of pathogens. Two extraction 
methods were used, namely the Parallel Analysis and Scree Test, however, none of 
them managed to provide the expected outcome. Therefore, the next option was to 
self-group the factors and validate them through interviews, which are explained in 
detail in the next chapter.  
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Chapter 7: Data Analysis - Interviews 
7.1 INTRODUCTION 
This chapter reports results from the semi-structured interviews to form the 
research framework. It represents all steps taken towards the development of the 
framework which also includes a series of interviews for validation. The interviews 
involved 15 Malaysian construction industry practitioners that were involved in the 
delayed Ninth Malaysian Plan building projects and each of them had at least 10 
years working experience. At the end of this chapter, a summary of findings are 
presented. Unless otherwise stated, the sample size in this chapter is 15 (N = 15). 
In the beginning, before any real data collection was undertaken, a series of 
preliminary interviews was performed to gain some insight into Malaysian 
construction industry real-world scenario and mainly to identify other factors that 
cause delay to the public sector projects as past research lacked this aspect. 
Moreover, as time goes by, new factors might arise, while some countries could also 
have factors that only apply to that particular nation. The delay contributors’ that was 
mentioned by participant were therefore extracted out, combined with those from 
literature and inserted in the questionnaire used for survey. This section will 
therefore not further explain the interview and responses are presented in Appendix 
‘C’. This section will focus only on the interviews conducted for framework 
development. 
 
7.2 FRAMEWORK DEVELOPMENT 
7.2.1 Main Delay Factor Grouping – into Pathogens and Sub-categories of 
Pathogens 
This research previously mentioned in Chapter 6 that factor analysis failed to 
group the main delay factors into pathogens and sub-categories of pathogens and 
therefore, self-grouping was used as the other alternative. The general principles of 
pathogens are applicable for any study looking at failures (Busby & Hughes, 2004), 
which in the case of this study; delay is also a form of failure in keeping up to the 
pre-determined time frame, thus the concept of Pathogen could very well apply here. 
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Therefore, Busby & Hughes (2004)’s pathogen study on error was used as the main 
reference while newly added pathogens and sub-categories were proposed using 
personal justifications based on this research understanding of how those authors 
worked out their groupings.     
 The self-grouping tried to imitate the approach Busby & Hughes (2004) used 
in categorizing the error contributors. For example they did not expose the concept of 
Pathogen to their respondents to get the most out of them; in relation to error and 
later groupings into Pathogens, these were worked out separately, making sense of 
Reason (1990)’s model, which focused on accidents. Consequently, Busby & Hughes 
(2004) introduced sub-categories for the Pathogens using their rational sense. This 
approach was therefore adapted into this research and Busby & Hughes (2004)’s 
model was used as the main guideline. Scarcity of research of this kind left the 
researcher with the above as the only choice left, thus the concept of grouping 
according to Pathogens and their sub-categories were understood and applied to this 
research context.  
Pathogens represent a broad and general perspective of the rising issue (Busby 
& Hughes, 2004) and it would not be easy to provide solutions for such a wide range 
of issues. Pathogens can involve many activities / subsets and breaking them down 
into smaller sub-divisions would make the problem clearer and more manageable just 
as Busby & Hughes (2004) divided the pathogen “practice” into 14 sub-categories in 
accordance to the intention of each practice. A similar approach was applied in this 
research so that later solutions (i.e. SCM tools) could focus on each of the sub-
categories, consequently forming a collective set of resolution for each pathogen. 
This was done based on self-justification and according to their reasonability by 
looking at the factors involved. For example Busby & Hughes proposed sub-category 
“communication” for “pathogens arising from practices to do with acquiring or 
giving of information” and sub-category “specification” for “pathogens arising from 
practices to do with specifications” (p. 430). So, this research proposed new sub-
categories such as - “coordination” that was proposed for “pathogens arising from 
practices to do with coordination”; “designing” for “pathogens arising from practices 
to do with designing or preparing drawings”, “procurement” for “pathogens arising 
from practices to do with procuring”, etc. (refer Table 7.2 below) using the concept 
  
Chapter 6: Data Analysis - Interviews 129 
with which those authors defined their sub-categories. Similarly, pathogens were 
proposed with like method and understanding (i.e. pathogen 6). 
One particular difference between this research and Busby & Hughes’ work 
was that they used qualitative data to determine pathogens while this study uses 
quantitative data (from questionnaire results). Other approaches were similar where 
main causes of delay were first determined, then pathogens were resolved by 
clustering together all factors that root to similar pathogen, consequently dividing 
them into sub-categories. Overall, five out of eight pathogens from Busby & Hughes’ 
paper were adapted while a new 6
th
 pathogen named “Motivation” was proposed. On 
top of that, 15 new sub-categories  were introduced, further to four that were adopted 
from those authors’ papers, to represent those six pathogens (refer Table 7.2 below). 
Based on the table, those written in black were adapted directly from the Busby & 
Hughes’ (2004) paper while those in red represent the newly proposed pathogens / 
sub-categories.  
These groupings then went through validation using semi-structured interviews 
to confirm decisions that have been made. The researcher also explained how the 
grouping was done. Overall, none of the interviews had disagreement to the grouping 
and many opined that the pathogen approach enabled a clearer view of the issues 
surrounding the delays. All respondents generally had a positive reaction on the 
pathogen concept agreeing that the categorizations were comprehensive, factor 
clustering was clear and easy to understand and some even thought it helped for 
more efficient delay mitigation However, some of the respondents had a different 
aspect to comment on. These remarks however were referred to the main delay 
factors itself (from survey results), not the groupings. Respondents’ comments are 
presented in Table 7.1 while the validated pathogen groupings are in Table 7.2. 
Based on Table 7.1, the first comment involved the word “contract” in factors 
under Pathogen “Practice” Sub-Category “Satisfaction”. Two interviewees thought 
that the word “contract” may have been understood as “tender” by the past 
respondents during the survey while six interviewees believed that it may have been 
understood as “contractual”. All respondents believed that “contract” refers more to 
post-contractual activity, thus it would not be possible that respondents intentionally 
meant it as “contract” while getting the other factors right in accordance to the 
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research scope. Respondents referred to “contractual” as activities during pre-
construction where tender requirement are formed, then to be 
 
Table 7.1: Summary of Interviewees Comments on the Main Delay Factors 
Sub- Categories Main Delay Factors Suggested Changes  
PATHOGEN 1: Practice—arising from people’s deliberate practices. 
Satisfaction 
(1) Impractical original contract 
requirements; (2) Inadequate 
original contract duration; (3) 
Impractical original contract 
duration 
According to Interviewee 1 and 13: 
Respondents during the survey may 
have understood the word "contract" 
as "tender".  
According to Interviewee 2, 3, 4. 5, 9 
and 15: Respondents during the 
survey may have understood the word 
"contract" as "contractual".  
PATHOGEN 6:   Motivation - arising from characteristics of motivation tools 
Acceleration  
(1) Lack of incentive for early 
completion by contractor; (2) 
Ineffective delay penalties 
According to Interviewee 1, 2, 
3,4,5,9,10,11,13 and 15: The first 
factor seemed more suited to a 
"post-construction" factor, therefore it 
is not suitable to this scope of study. 
It is therefore advised to be deleted. 
 
formed into contracts. With reference to the comments and justifications provided by 
the majority, this research therefore accepted the word “contract” to be changed to 
“contractual” to better adhere to the scope of this reseach. 
On the other hand, one respondent had a different opinion regarding the factor 
“lack of incentive for early completion by contractor” despite ten interviewees 
suggesting it be removed due to its irrelevance within this research scope. The ten 
interviewees belived that “early completion” better refers to project handover, which 
is more related to post-construction phase, not pre-construction. In contrast, a 
Director in an architecture and interior design consultancy firm thought otherwise, 
believing that by informing the contractor earlier about incentives available should 
they complete early, it could serve as a motivational booster for them to perform. 
This opinion thus could be one justification why this factor was selected initially 
during the survey. However, with respect to the high majority’s comment, this factor 
was taken out as well. 
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Both of the above comments, while not having relation to the groupings 
specifically, were useful towards further enhancing quality of outcomes. On the 
whole and based on approval by all 15 interviewees, the pathogen groupings were 
accepted as validated while the  
 
Table 7.2: Validated Grouping of Main Delay Factors into Pathogens and Sub-Categories of 
Pathogens 
Sub-Categories Description Factors 
PATHOGEN 1: Practice—arising from people’s deliberate practices. 
Leading 
Pathogens arising from 
practices associated with 
leading 
Improper Project's Construction / Project manager 
leadership style 
Prioritization 
Pathogens arising from 
practices that 
determined priorities 
Late drawing approval 
Late decision making by consultant 
Late drawing preparation 
Unclear project objective 
Coordination 
Pathogens arising from 
practices to do with 
coordination 
Lack of coordination within the whole project team 
Ineffective coordination between consultant and 
project team 
Ineffective coordination between owner and 
government authorities during planning 
Ineffective coordination between contractor and the 
project team 
Ineffective coordination between owner and the 
project team 
Satisfaction 
Pathogens arising from 
practices related to 
satisfying goals, needs or 
targets 
Impractical original contractual requirements 
Inadequate original contractual duration 
Impractical original contractual duration 
Communication 
Pathogens arising from 
practices to do with 
acquiring or giving 
information 
Ineffective communication between owner and 
government authorities 
Ineffective communication between contractor and 
the project team 
Lack of communication within the whole project 
team 
Ineffective communication between owner and 
project team 
Ineffective communication between consultant and 
project team 
Procurement 
Pathogens arising from 
practices to do with 
procuring 
Unsuitable type of project bidding and award 
method 
Designing 
Pathogens arising from 
practices to do with 
designing or preparing 
drawings 
Insufficient drawing information 
Frequent changes in drawing 
Insufficient data collection and survey before 
design 
Specification 
Pathogens arising from 
practices to with 
specification 
Insufficient specification information 
Incompleteness of 
design/drawings/specifications/documents 
Frequent changes in specifications 
Documentation 
Pathogens arising from 
practices to with 
Low quality of documentation 
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documentation 
PATHOGEN 2:  Task—arising from the nature of the task being performed 
Decision   
Pathogens arising from 
tasks to do with making 
decisions 
Inefficient decision making 
PATHOGEN 3:  Circumstance—arising from the situation or environment the project was 
operating in 
Relationship 
Pathogens arising from 
circumstances to do with 
the relationship among 
project members 
Lack of respect between project teams 
Unpleasant relationship between project team 
Aim 
Pathogens arising from 
circumstances to do with 
aims of project members 
Not having common project objective 
Responsibility 
Pathogens arising from 
circumstances to do with 
responsibilities of project 
members 
Low sense of responsibility between project teams 
PATHOGEN 4:  Organization—arising from organizational structure or Operation 
Structure 
Pathogens arising from 
organizational structure 
Inappropriateness of overall project organizational 
structure linking all parties to the project 
Competency 
Pathogens arising from 
competency of the 
organisation member 
Incompetent consultants' project team 
Incompetent governments' project team 
Incompetent local authority technical staff 
Experience 
Pathogens arising from 
experience of 
organisation member 
Lack of consultant experience 
Lack of project design team experience 
PATHOGEN 5:   Convention - arising from conventions, standards, routines and codes of 
practices 
Improvement 
Pathogens arising from 
the convention of 
improving practices 
Insufficient government investment in R&D to 
improve performance and processes 
Bureaucracy 
Pathogens arising from 
the industries 
bureaucracy practices 
Ineffective bureaucracy in the government 
organisation 
Too many decision makers involved in public 
sector projects 
PATHOGEN 6:   Motivation - arising from characteristics of motivation tools 
Acceleration  
Pathogens arising from 
motivation to accelerate 
work 
Ineffective delay penalties 
** Abc = Adapted from Busby and Hughes (2004); Abc = Newly proposed 
comments were incorporated for improvement of the final framework. Validated 
groupings are presented in Table 7.2. 
Based on Table 7.2, “Practice” is represented as the most significant pathogen 
with 26 factors divided into nine sub-categories. Overall, sub-categories 
“communication” and “coordination” had the most number of factors grouped in 
them. Both had five factors respectively – (“ineffective communication between 
owner and government authorities”, “ineffective communication between contractor 
and the project team”, “lack of communication within the whole project team”, 
“ineffective communication between owner and project team” and “ineffective 
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communication between consultant and project team” in sub-category 
“communication”) and (“lack of coordination within the whole project team “, 
“ineffective coordination between consultant and project team”, “ineffective 
coordination between owner and government authorities during planning”, 
“ineffective coordination between contractor and the project team” and “ineffective 
coordination between owner and the project team” in sub-category “coordination”). 
On the other hand, sub-category “prioritization” had four factors - “late drawing 
approval”, “late decision making by consultant”, “late drawing preparation” and 
“unclear project objective” while “satisfaction”, “designing” and “specification” had 
three factors equally – (“impractical original contractual requirements”, “inadequate 
original contractual duration” and “impractical original contractual duration” in sub-
category “satisfaction”), (“insufficient drawing information”, “frequent changes in 
drawing” and “insufficient data collection and survey before design” in sub-category 
“designing”) and (“insufficient specification information”, “incompleteness of 
design/drawings/specifications/documents” and “frequent changes in specifications” 
in sub-category “specification”). Lastly, only one factor fitted into sub-category 
“leading”, “procurement” and “documentation” respectively. They were factors 
“improper project's construction / project manager leadership style” (leading), 
“unsuitable type of project bidding and award method” (procurement) and “low 
quality of documentation” (documentation).     
On the other hand, pathogen “Task” had only one sub-category – “Decision”. 
This sub-category also had only one factor and that was “inefficient decision 
making”. The third pathogen was “Circumstance” which represented four factors 
that were duly divided into three sub-categories. They were “lack of respect between 
project teams” and “unpleasant relationship between project team” in sub-category 
“relationship”, “Not having common project objective” in “Aim” and “Low sense of 
responsibility between project teams” in “responsibility”. Similarly, pathogen 
“Organization” also had three sub-categories to represents factors related to it. These 
factors were “inappropriateness of overall project organizational structure linking all 
parties to the project” in sub-category “structure”, “incompetent consultants' project 
team”, Incompetent governments' project team” and “incompetent local authority 
technical staff” in “competency”; and “lack of consultant experience” and “lack of 
project design team experience” in “experience”.  The fifth pathogen was 
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“Convention” and was divided into two sub-categories to represent three factors – 
“insufficient government investment in R&D to improve performance and processes” 
in sub-category “improvement” while “ineffective bureaucracy in the government 
organisation” and “too many decision makers involved in public sector projects” in 
sub-category “bureaucracy”. Lastly, pathogen “Motivation” had only one sub-
category (“Acceleration”) to represent factor “ineffective delay penalties”.  
 
7.2.2 Selecting Suitable Supply Chain Management (SCM) Tools to Overcome 
each Pathogen and Sub-Categories of Pathogen 
Once grouping of main delay factors into pathogens and sub-categories of 
pathogens were validated, this research continued on matching suitable SCM tools 
for the reduction / mitigation of each distictive pathogens and sub-categories. Again, 
semi-structured interviews were undertaken and respondents selected as well as 
suggested beneficial tools, accordingly. A summary of interview responses on the 
most beneficial SCM tools are presented in Table 7.3 at Appendix G.  
Most beneficial SCM tools were established based on the most significantly 
selected tools according to each sub-category of pathogen. This was done by 
identifying tools selected by the high majority of respondents, meaning that these 
tools were repeatedly selected and at an obviously significant rate compared to other 
tools. In this way, the researcher can determine the most beneficial SCM tools for 
each sub-category and a combination of those tools would represent the best tool/s 
for each pathogen. A grand summary of SCM tool selections are presented in Table 
7.4(b) while the detailed summary is referred to in Table 7.4(a) at Appendix G. 
In reference to Table 7.4(b), interview results were broken down into three 
sections which were the outcomes after undertaking six, ten and fifteen interviews 
while the most beneficial SCM tools for each sub-category were bolded and 
highlighted. As has been previously mentioned in Section 5.6.2 in Chapter 5, this 
research also studied findings from the first 6 and 10 interviews and found that 
actually saturation was reached as early as the first six interviews. This further 
assured that 15 interviews were sufficient for a meaningful result. Despite some other 
tools that were selected, they had no consistency throughout the interviews. On the 
other hand, the significant tools notably stood out even after only six interviews and 
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remained significant up to the 15
th
  interview. One example would be SCM tools 
under the sub-category “prioritization” (refer Table 7.34(b)) where despite five tools  
Table 7.4(b): Grand Summary of SCM Tool Selection (from Interview) 
Sub-
Categories 
Description 
Result 
after 6 
Interviews 
Result 
after 10 
Interviews 
Result 
after 15 
Interviews 
Suggested SCM Tools 
PATHOGEN 1: Practice—arising from people’s deliberate practices. 
Leading 
Pathogens 
arising from 
practices 
associated 
with leading 
5 9 12 Champion/Driving  Personality 
1 2 3 Independent Facilitator 
0 1 2 Interface Manager 
Prioritization 
Pathogens 
arising from 
practices that 
determined 
priorities 
6 9 13 Joint Agreed Goals 
4 7 11 Profit Sharing 
5 8 11 Risk Sharing 
1 2 4 Building Information Modelling 
0 0 1 Champion/Driving  Personality 
Coordination 
Pathogens 
arising from 
practices to do 
with 
coordination 
5 7 11 
Pre-Qualification using "Team 
Criteria" Score 
4 7 10 Joint Agreed Goals 
4 7 10 Continuous Training 
1 1 2 Building Information Modelling 
1 1 1 Framework Agreement 
0 1 1 Performance-Based Incentive 
1 1 1 
Joint Training & Development 
Program 
Satisfaction 
Pathogens 
arising from 
practices 
related to 
satisfying 
goals, needs 
or targets 
3 6 10 Regular Joint Review 
4 6 9 Joint Risk Management 
0 1 2 Joint Agreed Goals 
0 1 2 Quality Circle 
1 1 1 Framework Agreement 
Communicatio
n 
Pathogens 
arising from 
practices to do 
with acquiring 
or giving 
information 
5 9 13 Joint Agreed Goals 
4 6 10 
Pre-Qualification using "Team 
Criteria" Score 
6 8 10 Continuous Training 
1 2 3 Building Information Modelling 
1 1 1 
Joint Training & Development 
Program 
Procurement 
Pathogens 
arising from 
practices to do 
with procuring 
4 6 11 
Early Involvement of all Supply 
Chain 
2 3 5 Joint Risk Management 
0 2 3 Quality Circle 
1 1 1 Regular Joint Review 
Designing 
Pathogens 
arising from 
practices to do 
with designing 
or preparing 
drawings 
5 9 13 Building Information Modelling 
1 2 3 Joint Risk Management 
0 0 2 
Early Involvement of all Supply 
Chain 
Specification 
Pathogens 
arising from 
practices to 
with 
5 9 13 Building Information Modelling 
0 0 3 
Early Involvement of all Supply 
Chain 
1 2 2 Joint Risk Management 
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specification 
Documentation 
Pathogens 
arising from 
practices to 
with 
documentatio
n 
5 9 13 Regular Joint Review 
1 2 3 Quality Circle 
2 2 2 Benchmarking 
0 1 1 Champion/Driving  Personality 
0 1 1 Joint Strategies 
PATHOGEN 2:  Task—arising from the nature of the task being performed 
Decision 
Pathogens 
arising from 
tasks to do 
with making 
decisions 
4 8 10 Regular Joint Review 
3 5 9 Joint Strategies 
1 2 3 Champion/Driving  Personality 
1 2 3 Quality Circle 
PATHOGEN 3:  Circumstance—arising from the situation or environment the project was operating in 
Relationship 
Pathogens 
arising from 
circumstances 
to do with the 
relationship 
among project 
members 
5 9 13 Joint Agreed Goals 
5 7 9 Continuous Training 
3 5 7 
Pre-Qualification using "Team 
Criteria" Score 
1 1 2 Risk Sharing 
0 1 2 Champion/Driving  Personality 
1 1 1 Framework Agreement 
0 0 1 
Joint Training & Development 
Program 
Aim 
Pathogens 
arising from 
circumstances 
to do with 
aims of project 
members 
6 10 15 Joint Agreed Goals 
1 1 1 Profit Sharing 
1 1 1 Risk Sharing 
1 1 1 Champion/Driving  Personality 
1 1 1 Independent Facilitator 
Responsibility 
Pathogens 
arising from 
circumstances 
to do with 
responsibilitie
s of project 
members 
5 7 11 Joint Agreed Goals 
3 7 10 Profit Sharing 
4 6 9 Performance-Based Incentive 
1 2 3 Risk Sharing 
1 1 1 Framework Agreement 
PATHOGEN 4:  Organization—arising from organizational structure or Operation 
Structure 
Pathogens 
arising from 
organizational 
structure 
6 10 14 
Pre-Qualification using "Team 
Criteria" Score 
1 2 3 Pre-Qualification Rating 
1 2 2 "Relational Index" Measurement 
1 1 1 Framework Agreement 
Competency 
Pathogens 
arising from 
competency of 
the 
organisation 
member 
5 9 12 
Pre-Qualification using "Team 
Criteria" Score 
5 7 9 
Joint Training & Development 
Program 
3 5 9 Staff Development 
2 2 4 Continuous Training 
1 2 2 Pre-Qualification Rating 
Experience 
Pathogens 
arising from 
experience of 
organisation 
member 
5 9 14 
Pre-Qualification using "Team 
Criteria" Score 
1 3 4 Pre-Qualification Rating 
1 1 4 Joint Strategies 
1 2 2 Staff Development 
1 2 2 
Joint Training & Development 
Program 
PATHOGEN 5:   Convention - arising from conventions, standards, routines and codes of practices 
Improvement Pathogens 4 6 9 Risk Sharing 
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arising from 
the convention 
of improving 
practices 
3 6 8 Joint Policy Review 
2 3 4 
Joint Research and 
Development 
1 1 3 Benchmarking 
1 1 2 Joint Strategies 
2 2 2 Joint Risk Management 
1 1 1 
Joint Training & Development 
Program 
0 1 1 Profit Sharing 
0 1 1 Quality Circle 
Bureaucracy 
Pathogens 
arising from 
the industries 
bureaucracy 
practices 
6 9 14 Risk Sharing 
2 2 3 Benchmarking 
0 1 2 Champion/Driving  Personality 
0 1 1 Profit Sharing 
PATHOGEN 6:   Motivation - arising from characteristics of motivation tools 
Acceleration 
Pathogens 
arising from 
motivation to 
accelerate 
work 
6 10 14 Risk Sharing 
2 4 6 Profit Sharing 
1 2 5 Performance-Based Incentive 
1 1 2 Framework Agreement 
1 2 2 Benchmarking 
1 1 1 Incentive-Based Compensation 
 
being selected, only three were most significant – “Joint Agreed Goals”, “Profit 
Sharing” and “Risk Sharing”. The other two tools (“Building Information 
Modelling” and “Champion / Driving Personalities”) were selected way lower in 
frequency compared to the three signifcant ones, thus were not considered very 
beneficial. Therefore, this research concluded that the first three tools were the most 
beneficial SCM tools for sub-category “prioritization”. The same was applied for 
other sub-categories.  
Based on Table 7.4(b), most sub-categories had only one most beneficial SCM 
tool and they were – Leading (“Champion/Driving Personality”); Procurement 
(“Early Involvement of all Supply Chain”); Designing (“Building Information 
Modelling”); Specification (“Building Information Modelling”); Documentation 
(“Regular Joint Review”); Aim (“Joint Agreed Goals”); Structure (“Pre-Qualification 
using "Team Criteria" Score”); Experience (“Pre-Qualification using "Team Criteria" 
Score”); Bureaucracy (“Risk Sharing”); Acceleration (“Risk Sharing”). Meanwhile, 
six sub-catgeories had three best SCM tools – Prioritization (“Joint Agreed Goals”, 
“Profit Sharing” and “Risk Sharing”); Coordination (“Pre-Qualification using "Team 
Criteria" Score”, “Joint Agreed Goals” and “Continuous Training”); Communication 
(“Pre-Qualification using "Team Criteria" Score”, “Joint Agreed Goals” and 
“Continuous Training”); Relationship (“Pre-Qualification using "Team Criteria" 
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Score”, “Joint Agreed Goals” and “Continuous Training”); Responsibility (“Joint 
Agreed Goals”, “Profit Sharing” and “Performance-Based Incentive”); Competency 
(“Pre-Qualification using "Team Criteria" Score”, “Joint Training & Development 
Program” and “Staff Development”). On the other hand, three sub-categories only 
had two tools – Satisfaction (“Regular Joint Review” and “Joint Risk Management”); 
Decision (“Regular Joint Review” and “Joint Strategies”); Improvement (“Risk 
Sharing” and “Joint Policy Review”).  
 During the interview, two new SCM tools were also suggested by 
respondents; they were “Joint Policy Review” and “Joint Research and Development 
(R&D)”. These tools were recommended for the sub-category “Improvement” under 
pathogen “convention” (refer Table 7.4(b), upon which only “Joint Policy Review” 
was significant, selected by eight out of 15 respondents compared to only four people 
on the other tool. 
 Outcome from this interview led to the initial formation of this research 
framework – “framework that utilizes beneficial SCM tools to reduce delays in 
Malaysian public sector building projects” (refer to Table 7.5). The framework 
however was yet to be conclusive and was taken through further validation. The 
purpose of validation was twofold – (1) to obtain approval and consent from each 
respondent in regard to how their previous response had been interpreted and 
summarized (i.e. “Malay” to English); (2) to ask whether respondents are agreeable 
or not with the majority’s selection of SCM tool/s. Another semi-structured interview 
was undertaken for this purpose and all 15 respondents from previous sessions were 
approached again. Accuracy of interpretations were first confirmed before 
proceeding to framework validation. 
As result of the interview, all 15 respondents gave their confirmation that translations 
made by this research were in accordance to what they actually meant, thus this 
research rested assured that transcriptions made from “Malay” language to English 
were accurate. Consequently, respondents were presented with the final framework 
as per Table 7.5 and were asked whether they were agreeable to the responses of the 
majority or not. Final results could be different in certain aspects compared to their 
initial selection, thus it was important that they were pleased with the final 
framework. The respondents were also asked to comment should they feel necessary. 
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Table 7.5: Framework that Utilizes Beneficial SCM Tools to Reduce Delays in Malaysian 
Public Sector Building Projects (Research Final Framework) 
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In the end, seven out of 15 respondents (three Contractors, two Clients, one 
Consultant and one Supplier) had no problem with the framework and gave their full 
agreement approving that the framework was comprehensive. They accepted the 
majority’s opinion and were not overly bothered with some differences that occurred 
in respect that other respondents were equally experienced as well. On the other 
hand, another seven respondents (two Clients, two Consultants, two Suppliers and 
one Contractor) confirmed 90% to 95% agreement with the framework despite 
deciding to stick to their initial selection in several sub-categories. Justifications by 
all 14 respondents were pretty much similar believing that differences relied upon 
different tools but with quite similar functions, for example, the tool named “Joint 
Training and Development Program” and “Continuous Training”, while named 
differently, both basically described the same theme, which is “Trainings”. So, 
different respondents may have selected either one of them but in the end they 
basically suggested the need for “Trainings”. Other reasoning provided by many was, 
that during the previous interviews, they identified all tools deemed beneficial for 
each sub-category and these tools varied in significance. However, some tools are 
obviously more important than others, thus if the majority’s selection targeted the 
more significant ones, they were happy to accept them. Additionally, a few 
respondents also did not reject the possibility that they have may have overlooked 
some good SCM tools, thus inadvertently not selecting them in the first interview.  
On the other hand, one respondent, who was a Director in a quantity surveying 
consultancy firm with 35 years experience, totally rejected the framework and stuck 
to his/her initial selections. During the interview, he/she was very quick to reject the 
framework and believed that tools he/she initially selected were already the best and 
he/she would not accept any amendments to them. When asked to comment, he/she 
claimed that those tools had connections with each other, thus changing one would 
jeopardise the framework. 
In overall, despite some disagreements, almost half of the interviewees (7 out 
of 15) gave their full approval of the final framework while another seven confirmed 
to at least 90% agreement. Even though some comments were received, they were 
very minimal and the interviewees still agreed to most of the framework contents. 
The slight disagreements could possibly be due to “pride” issues, thus they may have 
decided to at least throw in some comments. On the other hand, “ego” could have 
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been even higher for the one respondent that totally disagreed with the framework, as 
he/she was the most experienced person. As a result, he/she was very firm about 
his/her own opinion and was quick to reject the framework with no consideration for 
other responses. Nevertheless, on the whole, the high approval rate enabled this 
research to conclude that the framework (as per Table 7.5) was well validated. 
The framework in Table 7.5 would be beneficial for the project participants to 
have a proper and well documented basis to identify risk for delay earlier before the 
project begins. One way of doing this is by having brainstorming sessions such as 
through workshops or pre-planning meetings with all project team,  going through 
each of the main-categories and sub-categories of pathogens to predict activities / 
aspects of projects that may possibly expose the project to time overruns. Further 
insight could be done into distinctive project activities and individual tasks and from 
there work out possible solutions using the range of SCM tools proposed for 
mitigation of each pathogen. The framework in Table 7.5 have been developed for 
reducing delays only on projects within the scope of this research, however, in events 
where some activities does not fit into any of the pathogens / sub-categories, the 
concept in which the framework have been developed could be used as a basis to 
bring out new pathogen components thus from time to time improving the 
comprehensiveness of the framework for use in different type of project. Further to 
that, practical applications of the proposed SCM tools could also lead to better 
confirmation of which tool are more effective than others thus be officially 
documented for future applications. As the framework is applied from one project to 
another, the project team could have better prediction on project risks and an activity 
that does not contribute value to projects; consequently achieve better project 
delivery. On top of that, it could also train the project participants to look at project 
activities from the pathogen point of view thus be more efficient in determining 
aspect of projects to be given more focus on. In overall, the proposed framework 
could serve as an initial guideline for better identification of problematic aspects of 
project management and the available SCM tools for effective mitigation of it. Then, 
from time to time, as more project data becomes available, the comprehensiveness of 
the framework could be further improved for a more effective application. 
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7.3 CHAPTER SUMMARY 
This chapter has presented analysis and results from a series of semi-structured 
interviews undertaken to develop and validate the research framework. After factor 
analysis failed to provide appropriate outcomes for grouping the main delay factors 
into pathogens and sub-categories of pathogens, self-grouping was undertaken based 
on the concept applied by Busby & Hughes’ (2004) study on pathogens of error. In 
the end, six pathogens and 19 sub-categories of pathogens were introduced to 
represent the main delay factors. These groupings then underwent a series of semi-
structured interviews and were validated. Consequently, interviews were also 
undertaken to identify the most beneficial SCM tools to cater for each pathogen and 
sub-categories of pathogens, which resulted in the introduction of two new SCM 
tools – “Joint Policy Review” and “Joint Research and Development Program” by 
the respondents with only the first being significant. Both the pathogen grouping and 
SCM tool selections then formed this research framework and were again taken 
through interviews for validation purposes. In the end, the vast majority had a good 
agreement rate and thus enabled this research to conclude and successfully validate 
the framework (as per Table 7.5). The next chapter discusses these results including 
the SCM tool selections and the final framework.   
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Chapter 8: Discussions 
8.1 INTRODUCTION  
This chapter discusses findings from both Questionnaire and Interviews that 
had been undertaken. As mentioned previously, a number of data collection stages 
were involved and due to their inter-relationship with each other, this chapter 
discusses them one by one and in consecutive order. First this research discusses the 
survey result, followed by the pathogens and sub-category groupings of the main 
delay factors. Lastly, SCM tools selections and the final research framework are 
discussed. At the end of this chapter, a summary is presented. Unless otherwise 
stated, “expert opinion” refers to the response obtained from Malaysian industry 
experts (at least 20 years experience) during preliminary interview, while “local” 
refers to Malaysia. 
 
8.2 OVERVIEW OF MALAYSIAN PUBLIC SECTOR PROJECT DELAY  
Delay generally refers to extension of time beyond a planned period (e.g. 
Turner, 1989; Kaming et al., 1996) and there has been a general consensus among 
Malaysian construction industry experts in regard to this. Timely completion has 
been regarded as being among the main measures of success, agreed in both past 
research (e.g. Tuman, 1986; Ashley, 1987; Navarre & Schaan, 1990; Walker, 1995, 
1996; Belassi & Tukel, 1996; Hatush & Skitmore, 1997; Chua et. al., 1999; Chan & 
Chan, 2004) and by a majority of the Malaysian experienced practitioners; in fact, 
many experts believed that this aspect is one that differentiates public and private 
sector projects, as private sectors are more concerned with making profit.   
In Malaysia, the government is one of the biggest clients for the industry and 
projects are executed using budgets derived from tax payer’s money towards 
facilitating the public with infrastructure and facilities. Delays in public sector 
projects pose an effect not limited to other parties (i.e. contractor, consultant, etc.) in 
terms of loss of opportunity cost, conflicts and increased overhead, but it also affects 
the government itself. Some consequences that were highlighted by experts were 
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disruption to the government’s budget executions and burdening the public. These 
issues were also highlighted in another public sector delay study by Al-Kharashi & 
Skitmore (2009). As the Malaysian public highly depend on the government to 
facilitate them, some experts stressed that untimely completions could also result in 
public complaints and loss of reputation for the governing bodies.  
The interviews which were performed in mid 2011, were quite soon from 
reports by Joshi around the mid of 2009 in regard to 80% delay rate in government 
projects. Similarly, many experts also perceived public sector project delays to be at 
a quite high extent which were also consistent with the findings of this research – 
project performances were generally bad (refer Figure 6.1). To make things worse, a 
high majority of survey respondents suggested that many of these poorly performing 
projects turn into ‘sick’ projects meaning that they experience more than 30% extra 
time (refer Table 6.8), thus implying that not much improvement has been happening 
since Sambasivan & Soon (2007) reported 17.3% (out of 417 Malaysian government 
projects) in 2005 as being ‘sick’ projects. These situations certainly invite public 
dissatisfaction over the ruling government and this has been evident when looking at 
outcomes of the 12
th
 and 13
th
 Malaysian General Election (in years 2008 and 2013 
respectively) - the current government, despite still winning, was on a significantly 
shaky ground having experienced a shocking loss of the two third majority which 
they had easily won in previous elections.  
Surveys undertaken showed that as many as 73% of delayed ninth Malaysia 
Plan building projects were procured using a price-based open tender system (refer 
Table 6.7). This finding was consistent with reports by Nawi et al. (2010) and Abd. 
Shukor et al. (2011) that Malaysian practices are still surrounded by old-fashioned 
ways; and that modern procurements are still lacking (Hamid & Kamar, 2010). 
Conventional procurements have received incessant criticism over the years (e.g. 
Masterman, 1992; Latham 1994; Ogunlana et al., 1996; Egan, 1998; Rowlinson, 
1999; Chang & Ive, 2002; Cooke & Willioams, 2004) and many local industry 
experts have also linked the government’s project delays on these conservative 
practices. However, it had remained a popular method among Malaysian public 
sector practices thus further explaining the poor performance in their projects. 
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8.3 FACTORS AT PRE-CONSTRUCTION STAGE THAT CAUSE DELAY 
ON NINTH MALAYSIA PLAN BUILDING PROJECTS  
8.3.1 Main Delay Factors (Overall) 
This research undertook surveys using questionnaires as a means of ultimately 
deriving the main delay factors. These factors are problems / issues at the pre-
construction phase of projects which contribute to delay on the overall project. The 
majority of the respondents that were involved in the survey were mid-level 
managers with an average of 5 to 15 years of experience and involvement in at least 
3 to 9 projects. This further strengthened the findings of this research, as perspectives 
come from a generally experienced group of practitioners. Their vast experience and 
astute observations could result to a thorough coverage of the current delay dilemma.  
Analyses of 111 completed questionnaire forms have led to the establishment 
of 42 main delay contributors (refer factors at division 1 and 2 in Table 6.20 in 
Appendix ‘E’). Most of these factors were found to be surrounded mainly by 
interaction issues meaning that there were major problems in relation to 
fragmentation of the Malaysian public sector construction environment. These 
scenarios could link back to the popularity of traditional practices (i.e. 73%). 
Fragmentations have been commonly linked to inefficiencies (e.g. Latham, 1994; 
Egan, 1998) covering aspects such as coordination, communication (Evbuomwan & 
Anumba, 1998) and integration (Tenah, 2001) (adapted from Kong & Gray, 2006). 
In fact, poor communication has been among the major contributors to construction 
problems (Cornic, 1990) thus it comes as no surprise that factors related to 
communication and coordination make up about 25% of the main delay factors. 
Work deficiencies were also among other major issues affected by this disjointed 
environment as the flow of information gets disrupted. Among them were problems 
relating to insufficient information in drawing and specification, inconsistencies of 
drawing / specification thus leading to changes, improper preparation of contractual 
documents leading to inappropriate contents and also poor administrative practices 
within the public sector (i.e. poor bureaucracy). Fragmentation has also been linked 
to unpleasant relationships (e.g. McDermott, 1999), which were also evident in this 
research (i.e. lack of respect). 
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8.3.2 Main Delay Factors (Factors from Expert Opinions)  
With reference to the 42 main delay factors (refer Section 8.3.1), this research 
identified that 10 of them were made up of expert opinions, meaning that they were 
factors identified purely via preliminary interviews that were undertaken on highly 
experienced Malaysian construction practitioners; they were - incompetent 
consultant’s project team; incompetent government’s project team; incompetent local 
authority’s technical staff; lengthy decision making by consultant; lack of respect 
between project teams; not having common project objectives, low sense of 
responsibility between project teams; insufficient government investment in 
Research and Development to improve construction performance and processes; too 
many decision makers involved in public sector projects; and low quality of 
documentation. While these factors were inexistent in many of the past delay-related 
literatures, a number of them had been found to cause disputes, for instance the 
factor “lack of respect between project team”; could be linked to the “adversarial 
culture” identified by Rhys-Jones (1994) as among the factors causing disputes; 
while “low quality of documentation”; has a relation with the “quality” issues 
highlighted in Colin et al.’s (1996) dispute contributors. Therefore, with 
consideration that a fair amount of past research had closely linked delays with 
disputes (e.g. Aibinu & Jagboro, 2002; Majid, 2006; and Sambasivan & Soon, 2007), 
it does not come to a surprise that these factors had rise through this research. The 
following explains these 10 factors: 
  
 Incompetent consultant’s project team, incompetent government’s project 
team and incompetent local authority technical staff. 
These three factors generally described lack of capability among participants 
involved in government projects. The popularity of the traditional system within the 
Malaysian environment (Abd. Shukor et al., 2011), in areas such as public sector 
procurement, has been hit with major issues concerning capabilities of parties 
involved, thus further exposing risks for delays (Jaafar & Radzi, 2013). Jaafar & 
Radzi (2013) further added that the majority of the industry players in Malaysia lack 
understanding on procurement schemes and practices were still not much different to 
those since British ruling. Another study on failures in the Malaysian Government 
ICT project implementation by Nawi et al (2012) found that competency aspects 
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have been among major issues hampering performance in those projects and these 
involved project managers, top management and in some cases, weaknesses within 
the whole team. They further added that factors such as “office politics (i.e. 
favouritism)” have led to appointment of inappropriate people to carry out jobs, thus 
leading to failures (p. 73). Public sectors in developing countries (including 
Malaysia) are often exposed to political influence, leading to issues such as 
manipulation of procedures and biasness in project implementation, which among 
other issues, affect project management competencies (Jaafar & Radzi, 2013). 
 
 Lengthy decision making by consultants  
In the past, Chan & Kumaraswamy (1997), who did a study on the Hong Kong 
construction project, also identified slow decision making as among the main delay 
contributors; except that they referred to all project participants, and not just 
consultants. In the Malaysian public sector, it is common that pre-construction tasks 
(i.e. designing, brief preparation, tender, etc.) have been outsourced to external 
consultants - to enable them to cope with heavy workloads (Abdul-Aziz & Ali, 
2004). Incompetency of a government’s project team could lead to an inappropriate 
selection of external consultant, which consequently affects their performance (i.e. 
taking too long to make decisions). When outsourcing is done, these consultants take 
over a number of decision-making tasks such as deciding on types of material to be 
used, contractor to be selected, etc. They also have to coordinate with other hired 
external-consultants towards accomplishing project tasks; for example a Director in a 
Quantity Surveyor consultant firm mentioned that “when other consultants such as 
the Architect and Engineer takes too long to make decision, it would affect progress 
of quantity surveyor (QS) in preparing tender documents because the QS depends on 
details from other disciplines to produce bills of quantities”. Other than that, on 
occasions when projects involve special building materials that are not available in 
local markets, prompt decisions on specifications would enable early ordering, 
consequently ensuring their on-time delivery when later needed at site. Initiatives to 
improve these situations are not yet proactive enough and conventional ways of 
undertaking tasks are still dominant. The use of Information Technology (IT) has 
been promoted for improvement on aspects such as operations, tactics, strategies 
(Love et al., 2004; Stewart, 2008) and flow of information (Cheng et al., 2001). 
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Mechanization in public sector procedure and processes could well facilitate other 
supply chains (i.e. external consultants) for a more timely response, as tasks could be 
coordinated in a seamless manner and save more time. However, practices within 
Malaysian government departments still lack automation (Ruzita et al., 2012) and the 
local understanding level of IT usage is generally low (Hussan et al., 2008) thus 
affecting performances. 
 
 Lack of respect between project team 
In the Malaysian public sector, respect issues often prevail between the lower 
tiers (i.e. contractor) and the upper tiers (i.e. client and consultants) of project 
organization. Most of the time, these two parties are quite cynical of each other and 
since conventional thinking is still rooted in the mind-set of many, position in project 
hierarchy has an effect on respect level. This type of project structure has been linked 
to conflicts between team members (Liu & Fellows, 1999), with in most cases the 
lower tiers experiencing least respect due to lower hierarchical power. Clients often 
perceive the contractor as trying to maximize profit for example – critically 
inspecting contract documents to take advantage of loopholes and ambiguities 
(Kadefors, 2002) while in contrast the contractor may think clients are merely trying 
to cut down their costs. Conventional practices hinder unity among team members 
(Tenah, 2001) (adapted from Kong & Gray, 2006) and in big projects this could 
simultaneously affect relationships (Harmon, 2003). This disintegration have been 
widely linked by many researchers to the predisposition of adversarial relationship 
(e.g., McDermott 1999), mistrust (Newcombe, 1997), “major behavioural, cultural 
and organisational differences between project individuals and groups” (Love et al., 
1997, p. 423). This situation had consequently limited Knowledge Management 
efforts (Abdul Rahman & Wang, 2010) as clients hardly depend on a contractor to 
propose ideas due to the suspicion that they have other hidden agendas (i.e. just 
trying to make more money). These unpleasant attitudes and poor team effort has 
affected the industry’s image Wong (1991) and has left the industry decades behind 
in term of technologies (Zaini, 2000). 
 
 Not Having Common Project Objective 
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This factor refers to a situation where parties enter a project with different / 
personal objectives in mind. A Director in a Quantity Surveyor consultant firm 
quoted that “contractors usually are more focused on making more profit rather than 
doing the job properly”, which clearly signifies personal interests in projects. This 
situation partly explains why local client / consultants are often cynical towards 
contractors which could affect their ability to collaborate at higher levels (i.e. 
involving them earlier in projects). However, the strong connection between 
relationship of the team and having joint objectives (e.g. Strategic Forum for 
Construction, 2003; Kumaraswamy, 2007) means that the unpleasant attitudes (i.e. 
respect) between the higher and lower tiers of Malaysian public sector project 
environment could hinder parties from mutually agreeing on a set of project 
objectives. Good affiliations influence people’s behaviour (Love et al., 2000) and 
allow collaboration to happen (Cohen & Russle, 2005; Eriksson, 2008); the 
dominance of traditional practices could encumber the effort (Scott, 2001) as 
relationships are commonly adversarial. To add to the problem, a Head of 
Department in Public Works Department highlighted that “durations for projects are 
often set too long or too short only for political purpose, to win elections only”. 
While this quote was meant for inappropriate project planning, it also signified that 
political interests (personal intentions) have also been interrupting the whole project 
aim. In some instances, pre-set completion targets have also been changed, as 
mentioned by a Manager in a Civil Engineering firm – “project completion period 
has been changed from what that has been planned initially” when referring to 
unrealistic project completion targets. This also implies that project aims have not 
been consistent throughout the project, thus causing difficulties for all parties to 
focus on a predetermined set of objectives. 
   
 Low sense of responsibility between project teams 
The utmost priority of project teams basically is to deliver the project to the 
utmost satisfaction of client. When they have a sense of responsibility, they would 
strive to the best of their ability to deliver the job.  However, a problem with 
traditional systems is that it also invites opportunistic intentions (e.g. Scott, 2001; 
Morledge et al., 2009) as parties try to transfer risks to minimize theirs (Morledge et 
al., 2009). As projects demand the multiple-organizations involved to work as a team 
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for proper execution of works, disintegrations within conventional practice could 
interfere with the effort. A General Manager of a Construction company highlighted 
that, in regard to the personality of consultant, client and the government, “they often 
attempt to hide their mistakes rather than trying to solve them”. This presents an 
irresponsible action, which, if it were left unidentified, would certainly cause 
problems in the later stages of a project as ratification would be needed and would 
affect productivity of work.  Other than that, political influence again comes as an 
interruption, as quoted by a Head of Department in Public Works Department that 
“contractors with political connections often get away from actions or trouble to do 
with their failure”. When a party manages or are in a position to escape 
accountability for their underperformance or misconduct, it could affect their level of 
responsibility over projects. The Head of Department in the Public Works 
Department also said that “the top people also have to take responsibilities and not 
just blame the sub-ordinates”.  
 
 Insufficient government investment in Research and Development (R&D) to 
improve construction performance and processes 
R&D is important for the Malaysian construction industry to endure both 
locally and globally, however allocations have been rather poor and available funds 
have often been underutilized (Siew & Meng, 2010). Improvement on processes 
could improve job efficiency and consequently affect productivity in projects. R&D 
needs to be enhanced if the sector practices were to shift away from the traditional 
practices. However, a study by Siew & Meng (2010) found that the lack of 
remuneration has chased local talents abroad as they lack temptation to be involved 
in the effort. This partly explains outdated practices which still dominate the local 
public sector practices - i.e. technologies still in 1960’s (Zaini, 2000) and a 
procurement system mostly from before independence (Jaafar & Radzi, 2013) 
 
 Too many decision makers involved in public sector projects 
Daniel & Arthur (2009) stressed an important notion in contemporary 
managerial theory and that was the need to wipe out the unnecessary bureaucracy. 
However, this has still been the case for Malaysian public sector as poor 
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administrative practices have been linked to delay by the local industry experts. A 
director of a quantity surveying firm blamed this deficiency by saying that “project 
parties were forced to wait for a long time for decision by government”. Official 
procedures often involve multiple tiers of approvals and numerous decision makers 
throughout the project phases, consequently forcing other parties to wait considerable 
time for decisions to be made thus affecting progress of work. From the perspective 
of procurement selection in the public sector, bureaucracies have been subject to 
criticisms such as – lengthy procedural processes which waste time and cost (Ofori, 
2007), corruption activities (Toor & Ogunlana, 2008) and from the Malaysian 
perspective, Jaafar & Radzi (2013) identified that political interruptions have been a 
major problem. The “Malaysia Report” also found that lengthy approval periods by 
local authorities have been the subject of complaint by local construction industry 
players and these inefficient bureaucracy practices have mainly affected building 
projects (CIDB, 2008).   
 
 Low quality of documentation 
As has been previously mentioned, outsourcing of Malaysia’s PWD works are 
common. This initiative has been in place since the 1980s (Abdul-Aziz & Ali, 2004), 
however one problem was that it was hard for PWD to evaluate risks associated with 
this effort (Lonsdale & Cox, 2000). Therefore, this practice has exposed the public 
sector to lack of work quality (i.e. documentation) for example - Abdul-Aziz & Ali 
(2004) noted, in regard to the outsourcing of Quantity Surveyor services in 
Malaysian PWD, that despite realizing underperformances, the practices were still 
continued to make up for inadequate personnel and they highlighted few pre-
construction deficiencies i.e. preparation of Bills of Quantity and tender evaluation, 
both at 63.8% and 72.2% under-performance rate. Other quality issues brought to 
light in the past were briefing practices that lacked identification of a client’s need 
(Hassan, 2009) that has affected project success (Judin, 2009). Old practices have 
also been criticized for “inconsistencies and mismatches” involving the project 
parties (Hegazy et al., 2001, p. 322) which could affect, among other things, the 
quality of documentation.   
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8.3.3 Factor Not Applicable to the Scope of this Research 
As has been mentioned in the Methodology chapter, this research lacked 
literature in regard to factors in the pre-construction stage that cause delay on a 
whole project, as most past studies focused on project phases. Making self-justified 
decisions on which factor applies and does not apply to this research could risk false 
judgements thus the questionnaire form included all factors from literature combined 
with those from expert opinions. An extra space was then introduced for respondents 
themselves to decide their applicability – scored as zero ‘0’ when analysed. This 
section discusses these factors. 
In overall, 78 factors were found to be inapplicable to the scope of this research 
(refer to factors at division 11 in Table 6.20 in Appendix ‘B’). It could be seen that a 
majority of factors involved were post-construction-related activities such as site 
supervision (i.e. “fluidity of work flow”, “effectiveness of contractor in controlling 
work progress”, “efficiency in site resource allocation control”, etc.), sub-contractors 
(i.e. “sub-contractor’s work timely completion”, “frequency of changing sub-
contractors”, “timely payment to sub-contractor”, etc.), site activities (i.e. “accident 
during construction”, “traffic control and restriction at job site”, etc.), project site 
resources (i.e. “availability of labour”, “timely material delivery”, etc.), site utilities 
(i.e. “timely in providing services from utilities (water, electricity)”) and so on. As 
can be seen, these activities have no relation to the pre-construction phase of a 
project and the same was consistently opined by a majority of the respondents. This 
therefore justifies the decision to exclude them from this research.  
    
8.4 GROUPING OF MAIN DELAY CONTRIBUTORS INTO PATHOGENS 
AND SUB-CATEGORIES OF PATHOGENS 
This research used the concept of pathogen as a means of grouping main delay 
factors into distinctive latent variables. In “layman” terms, pathogen refers to 
underlying causes and the importance of this approach was mentioned by five-out-of-
six local experts as part of an initiative to reduce delays in Malaysian public sector 
projects. This was consistent with a claim by Love et al. (2008) that identification of 
underlying latent conditions, also known as “pathogens”, should be made the first 
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step in order to achieve a degree of process stability in construction and once 
identified, a solution could be in place before it caused a bigger problem.   
 
8.4.1 Justifying the Use of Self-Grouping 
“Latent constructs” are known to be formed either reflectively or formatively 
(Roy et al., 2012). “Reflective constructs” are a dominant approach in management 
sciences (Coltman et al., 2008). This requires variables to have a strong relationship 
with each other (Gable & Sedera, 2009) and the measures are just expressions of the 
reflective constructs (Roy et al, 2012). However this does not necessarily have to be 
the case for latent constructs (Bollen & Lennox, 1991; Edwards & Bagozzi, 2000; 
Fornell, 1982) and in fact, using a set of variables without consideration of how they 
correlate to form a construct is also a credible approach (Coltman, 2008). This is 
known as the formative construct (see Bollen, 1984). 
An important finding from this research was that pathogens were made up of 
“formative constructs”. A pathogen in Busby & Hughes (2004) was identified as - 
not readily identifiable until a problem occurs; it is very specific and covers certain 
field of construct; it does not necessarily need to be formed by problems with 
common themes for example, the pathogen “practice” can surface as a results of 
people’s intended practices such as making assumptions, determining priorities and 
acquiring or giving information (p. 430); and its formation need not be based upon 
strong correlations. These characteristics were consistent with descriptions of 
formative models - “the indicators characterize a set of distinct causes which are not 
interchangeable” (Gable & Sedera, 2009; p. 2) because each of them covers a certain 
area of the construct domain (see Rossiter, 2002); there is no stringent requirement 
on how they should correlate (see Bollen, 1984); they are usually assumed error-free 
(Edwards & Bagozzi, 2000); a formative model itself is not well-indentified thus is 
unpredictable (Bollen, 1989); and having a common theme is not a necessity in 
formative construct (Jarvis et al., 2003). 
While the use of reflective constructs has been quite common, Diamantopoulos 
& Siguaw (2006) claimed that formative measures are almost forgotten in 
organizational research. However, an important statement by MacCallum & Brown 
(1993) asserted that “in many cases, indicators could be viewed as causing rather 
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than being caused by the latent variable measured by indicators” (p. 533). This 
means that most of the time, problems are the ones that rise up the latent variable, 
thus being consistent with Busby & Hughes (2004)’s statement that latent conditions 
are mostly dormant and appear when a problem occurs. Thus, it is important to 
identify these latent conditions to tackle the root of problems before further damage 
occurs.  
Law & Wong (1999) used the example of “Socio-Economic Status (SES)” in 
formative contract in management. SES is described by Roy et al. (2012, p. 35-36) as 
“socio-economic position of a person and its indicators are the person’s education, 
occupational prestige, income and neighbourhood”.  This concept is  adopted by 
Busby & Hughes (2004) in describing pathogens; as such, the pathogen “practice” is 
described as “pathogens arising from people’s deliberate practice” (p. 429) and some 
examples of this are the sub-categories such as “improvement”, “communication”, 
“assumption”, etc. (p.430). Further to that, they also gave some examples of factors 
associated with pathogen “practice” such as making inappropriate assumptions, 
carelessly re-using old designs, sub-contracting large work packages to transfer risk, 
etc. and these factors were further divided into sub-categories. While the factors may 
come from different “themes”, problems are still rooted to “practice” issues. Besides, 
having a common theme is not a necessity in formative construct (Jarvis et al., 2003). 
This method of approaching problems enables a systemic way of looking at 
problems, project organisation, and structural qualities rather than merely looking at 
individuals (Busby & Hughes, 2004). In their research, they approached error in 
projects, collecting as many as they could, then they grouped them into pathogens 
and an incubation period. While incubation periods were not within this researcher’s 
scope, the idea of pathogen grouping was the main focus. This way of working out 
problems enables better future prediction (Busby & Hughes, 2004) and formative 
measures have been recognized to be better in forming organization theory 
(Diamantopoulos & Siguaw, 2006). Besides, current approaches in delay research 
have also been criticized by AlSehaimi et al. (2012) in that they lack exploration of 
underlying reasons. Pathogens have a strong connection with the problems (Busby & 
Hughes, 2004) and need to be identified to solve issues related to them. 
   Despite acknowledging earlier the formative construct of pathogens, this 
research did attempt factor analysis as means of confirming verdicts and to be certain 
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that pathogens are not of a reflective structure. Factor analysis is among the common 
techniques employed for reflective constructs (Gable & Sedera, 2009), which 
explains why this research failed to obtain an appropriate result using it (i.e. 
pathogens are formative). In factor analysis, outcomes are purely based on 
correlation among variables, which requires suitability of outcomes to be further 
verified to ensure it fits with the aims of research (Hair et al., 1998). This was duly 
undertaken by this research and its unsuitability was confirmed. For this reason, the 
researcher decided to adopt the approach used by Busby & Hughes (2004) in their 
pathogen-related research, in which they adopted from Reason’s (1990) model to 
form pathogens and later introduced sub-categories using their rational senses. 
 
8.4.2 Main Delay Factor Categorization 
This research mainly used Busby & Hughes (2004) in categorizing the main 
delay factors to pathogens and sub-categories of pathogens. To justify applicability 
of the concept, the research found that Love et al. (2008) did adopt Busby & Hughes 
(2004)’s pathogen, while Busby and Hughes referred to Reason (1990) who studied 
accidents. However, Love et al. (2008) only adopted the concept of Pathogen and did 
a comparison for both contractor and client perception while Busby and Hughes 
introduced the use of both pathogen and sub-categories. Therefore, only the latter 
work was adapted to this research.  
Other than that, the above authors used qualitative data which involved detailed 
description of an event for which they then generated the meaning / key point, then 
grouped them into pathogens. However, this research, which was based on a list of 
delay factors from surveys (quantitative data), had to take a slightly different 
approach. Nevertheless, a similar method to that of Busby & Hughes (2004) was 
adapted where each factor was analysed for which pathogen had led to delay and if 
any of them fitted those author’s pathogens, they were adapted; if none of them fit, a 
new pathogen was proposed using understanding of how pathogens are classified. A 
similar approach was taken for the sub-categories of pathogens.   
Some examples of how this research grouped the factors (refer to Table 7.2) 
were for instance factors such as “ineffective communication between owner and 
government authorities”, “ineffective communication between contractor and the 
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project team”, “lack of communication within the whole project team”, “ineffective 
communication between owner and project team” and “ineffective communication 
between consultant and project team”. These were factors related to everyday 
communication between project parties. When referring to Busby & Hughes (2004), 
practice was referred to as “routine ways of carrying out activities of some kind” (p. 
429) which is the case with these factors. Therefore, they were assigned to pathogen 
“practice”. Then, since all those practices were intended to communicate between 
each other, they were sub-categorized under “communication”, which was a sub-
category of the pathogen “practice”  
Another example was the pathogen “circumstance”, which was defined as 
“arising from the situation or environment the project was operating in” (Busby & 
Hughes, 2004; p. 429). “Circumstance” as defined by the oxford dictionary refers to 
“a fact or condition connected with or relevant to an event or action”. Factors such as 
“lack of respect between project teams” and “unpleasant relationship between project 
team” signify an unpleasant relationship that has happened in the project 
environment. Similarly, “not having common project objective” reflects the 
atmosphere project parties were working in, where they were not focused on the 
main aims of projects. All these factors therefore were grouped under the pathogen 
“circumstance”. Consequently, sub-categories were assigned to them – the first two 
factors were sub-grouped under “relationship”, which refers to “pathogens arising 
from circumstances to do with the relationship among project members” while the 
other was placed under “aim”, which described “pathogens arising from 
circumstances to do with aims of project members”. These definitions of sub-
categories were inspired by the way Busby & Hughes (2004) defined their sub-
categories for pathogen “practice”. 
In events where none of the pathogen groupings seemed to fit, a new one was 
proposed. In the case of this research, “ineffective delay penalties” were grouped 
under pathogen “motivation” which refers to “arising from characteristics of 
motivation tools”. “To be motivated means to be moved to do something” (Ryan & 
Deci, 2000, p. 54) thus motivation could be seen as a form of driving force for 
human beings. Both delay penalties and incentives could drive project parties to 
accelerate their work and for that same reason, these two factors were sub-
categorized under “acceleration” which are “pathogens arising from motivation to 
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accelerate work”. However, “lack of incentive for early completion by contractor” 
was perceived by most respondents as not suiting this research scope (refer Table 
7.1) thus this sub-category was left with only one factor (refer Table 7.2). 
To further confirm and ensure accuracy of self-justifications, the grouping 
validation interviews were undertaken with 15 industry professionals with at least ten 
years experience in which all of them gave their approval. While some respondents 
agreed with the groupings without many extra words, many also gave additional 
positive remarks for instance - a Director in an architectural and interior design firm 
expressed his surprise that pathogens could well apply to construction studies; and 
was duly agreeable that the concept looked favourable and that the groupings were 
clear and easy to understand. Another supplier with 13 years experience also found 
the grouping clear, made sense and added that this way of grouping made the 
problem surrounding delay easier to understand. A Director of a quantity surveying 
firm with 35 years experience believed that the factors fitted the groupings and 
similarly found the pathogen concept interesting. He/she also added that the 
categorization could enable a more effective implementation of a more efficient 
delay reduction strategy to target the root of the problem. These comments further 
strengthened results of this research. 
 
8.4.3 Pathogens and Sub-Categories of Pathogens of the Main Delay Factors 
In overall, five out of eight pathogens (Practice, Task, Circumstance, 
Organisation and Convention) from Busby & Hughes (2004)’s studies on error suited 
and were adapted in this research, which was consistent with the authors’ claim that 
the concept of pathogens are applicable for any failure-related studies, one of which 
this research involves  (i.e. failure to achieve timely completion). Out of that, this 
research found that most delay pathogens were related to the routine “practices” 
(roughly 62% of them) of the project parties which was also the most dominant 
pathogen in Busby & Hughes (2004) findings at 32%. Errors are known to cause 
delay (Busby & Hughes, 2004) which further justifies the similarities in findings. 
These results also advocated that inappropriate practices in projects often lead to 
failures and are a big culprit for delays in the Ninth Malaysian Plan building projects. 
More than half of the main delay factors were practice-related deficiencies and this 
area of problem has also in the past been highlighted in the Malaysian Construction 
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Industry Master Plan (2007) as a major cause for performance deterioration in the 
industry, leading to problems such as duplication of works and lengthy approvals. In 
most cases, deficiencies come from communication and coordination practices 
among various parties involved in projects – factors in these two sub-categories 
made up 40% of the overall practice-related issues. This scenario could however be 
tracked back to the dominance of inefficient traditional practices within the 
Malaysian public sector; which have been proven to cause coordination (e.g. Turner, 
1990; Ogunala et al., 1996) and communication (e.g. Ngowi, 1997; Loosemore & 
Lee, 2002) problems for projects; at pre-construction phase, this could interrupt the 
flow of information needed for preparation and finalization of project details and 
decisions (i.e. type of procurement, material specification, cost estimation, 
establishing time-frames, etc.) and may consequently lead to problems such as 
mistakes, missing details, wrong estimates and improper identification of client 
needs.  
 On the other hand, pathogen association with organizational structure and 
operations was the second most prevalent source for delay but was at a much lesser 
rate (compared to practice) – only 6 out of 42 factors. However, one clear picture 
evident from this pathogen was the impact of precise team composition on project 
time performance.  Project successes have been positively associated with proper 
project team selections (Kumaraswamy et al., 2007) and the inclusion of other non-
fiscal criteria could improve selection of project members (Palaneeswaran et al., 
2001). These factors were divided into three sub-categories with competencies being 
the most important issue, followed by experience of organization members and the 
overall project organizational structure. Competency issues concerning the 
Malaysian public sector have been raised a number of times and in many cases, 
political influence has been a culprit (e.g. Nawi et al., 2012; Jaafar & Radzi, 2013) 
affecting project team selection.  
 Other less significant pathogens with four and three factors respectively were 
“circumstance” which refers to the working environment of projects and 
“convention” which relates to conventions, standards, routines and codes of practice. 
These two pathogens had less contribution in Busby & Hughes’ (2004) study, but a 
similarity was that both contributed at a similar rate (i.e. 17 and 18 factors out of 
139).  
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 Lastly, pathogen “motivation” and “task” was the least contributor, with only 
one factor each. This aspect was in contrast to Busby & Hughes’ (2004) findings, as 
they found the pathogen to be the second most contributing one. This could probably 
be due to the fact that error generally refers to mistakes or making wrong judgements 
and that those authors scoped their study on the whole construction activity. There 
are many construction activities at site that are related to tasks of undertaking works 
and these are absent in the pre-construction phase, which is more involved in 
paperwork and decision making. This could therefore stand as a justification for the 
difference that occurred. On the other hand, motivation was a new latent condition 
introduced in this research to represent factors to do with driving human behaviour, 
and was not found present in past research. 
 
8.4.4 Impediments to Pathogen Categorization 
Throughout the categorization of pathogens, a number of impediments were 
experienced. They were: 
 
 Vagueness of the concept in construction 
While the concept of pathogen has long nested in the microbiological line, its 
application in construction has been rather new with very limited applications. As a 
result, very limited information / literature are available to properly explain the 
concept thus forcing this research to depend on the very few available researches (i.e. 
Busby & Hughes, 2004; Love et al., 2004). Similarly, Busby & Hughes (2004) which 
researched on error also had to refer to Reason’s (1990) model on accidents while 
Love et al. (2008) adopted Busby & Hughes’s pathogen main categorizations in their 
study on disputes. The lack of definition for each pathogen has also forced the 
researcher to define them solely based on the understanding on how those available 
ones were described. Nevertheless, this research opted to use Busby & Hughes’s 
(2004) work as reference based on the successful adaption of all eight of their main-
categories of pathogen in Love et al. (2008) despite the different area of study; which 
suggests they may also apply for this research on delay.  
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 Difficulties in identifying the pathogens of delay 
Pathogens are latent conditions that arise due to a number of problems / 
deficiencies in the system and they are worked out based on their general field of 
construct. These problems could differ when a study involve different scopes 
meaning that contributors to delay could be different with the ones causing disputes 
or errors thus not all pathogens proposed in Busby & Hughes (2004) could be 
applicable to the present research. There would be occasions where some of the 
delay factors do not fit any of those pathogens which in these situations, new 
pathogens had to be proposed using self-justifications rooting to the understandings 
of how the authors classified their pathogens. The lack of exploration in delay root 
causes (Al-Sehaimi et al., 2012) combined with the non-existence of past research on 
delay pathogens therefore unable this research to determine comprehensiveness of 
the pathogen categorization.  Nevertheless, even Busby & Hughes (2004) could not 
guarantee that but they asserted that it does bring to light the general deficiencies in 
project organizations which could expose them to risks of failure; similar was 
projected in this research. 
 
 Dependence of self-justification to determine latent constructs  
Another particular limitation was the fact that pathogens are made of formative 
construct (refer Section 8.4.1) which have had minimum approach in organizational 
research (Diamantopoulos & Siguaw (2006). In fact, as far as the researcher was 
aware of, there were no delay-related researches that adopted the formative approach 
thus this research had to perform groupings with very limited resources (i.e. using 
method used by Busby & Hughes (2004)). Unlike reflective constructs, formative 
constructs can correlate in any way and it does not matter (Bollen, 1984) thus the 
common method of using factor analysis did not suit as the method depended solely 
on correlation among variables (Hair et al., 1998) while the pathogen approach 
required a systemic way of looking at problems, project organization and structural 
qualities (Busby & Hughes, 2004) and that factors with different themes could still 
root to the same construct (Jarvis et al., 2003). As a result, this research had to look 
into each individual factors and work out on which pathogen they could have rooted 
from based solely on self-justifications and later, opt for interviews to validate them.  
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8.5 ESTABLISHMENT OF FRAMEWORK THAT UTILIZES 
BENEFICIAL SCM TOOLS TO REDUCE DELAYS IN MALAYSIAN 
PUBLIC SECTOR BUILDING PROJECTS 
After this research has established the 42 main delay factors (achieve 1
st
 
objective) and grouped them into pathogens and sub-categories of pathogens 
(achieve 2
nd
 objective), this research proceeds in establishing the most beneficial 
SCM tools through interviews to be matched for the mitigation / reduction of each 
pathogen and sub-categories of pathogens, thus forming the “framework that utilizes 
beneficial SCM tools to reduce delays in Malaysian public sector building projects”. 
These processes are presented in Figure 8.1.  
 
 
Figure 8.1: Process involved in establishing the final research framework 
 
The framework then went through validations via another set of interviews 
before it was finalized. This section starts by discussing the most beneficial SCM 
tools established for the framework by explaining each of the tools and for which 
pathogen and sub-category of pathogen they were selected for. Then at the end, the 
final framework is further discussed and explained.  
 
8.5.1   Most Beneficial SCM Tools Established for the Framework 
This section discusses the most beneficial SCM tools that were established for 
each Pathogen and Sub-category of Pathogens. Since some of the tool benefits more 
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than one sub-category, this research has summarized information from Table 7.5 
(which was the final framework) into a clearer outline as per Table 8.1. 
 
Table 8.1: Summary of Significant SCM Tools Selected for each Sub-Category of Pathogens 
 
 
Based on Table 8.1, the following discusses each of the SCM tools that made 
up the research framework: - 
 
 Champion / Driving Personalities  
This tool was selected as a beneficial tool for improving leadership qualities in 
public sector project management and was quoted by a senior Quantity Surveyor in 
the Public Works Department that, “it ensures a healthy and harmony working 
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environment which would ensure teams are more comfortable thus they can work in 
a more productive and without conflict environment”. Effective leadership is 
important for construction supply chain management success (Mentzer et al., 2000) 
as leaders make available the most conducive environment for team members to 
perform (Leiter & Maslach, 2002). They should possess excellent personalities to 
achieve the best job quality (Everett, 2002). Leadership style has been previously 
highlighted by Mentzer et al. (2000) as one of the people factors in ensuring success 
of Construction Supply Chain Management.  
Driving figure have been previously recognised as one of the collaborative 
tools (Green & May, 2005; Eriksson, 2008; Eriksson & Nelson, 2008) and was also 
proposed by Love et al. (2004) in their “Seamless Supply Chain Management Model 
for Construction” as a means for proper pursuance of common goals. Champion / 
driving personalities are known for the ability to change mind-sets and ways of 
working, generate innovative ideas (Kumaraswamy et al., 2007) and stimulate open 
communication, increase levels of cooperation and facilitate a brainstorm approach 
to problem solving (Cheung & Rowlinson, 2005). As mentioned by a number of 
respondents (1) “when they act like a moderator role rather than being bossy, it 
ensures the team are more comfortable and productive” (Civil Engineer, 12 years 
experience); (2) “a champion offers improvement to the old leadership style as they 
do not play a bossy role. When a leader accepts an idea from the whole team 
member and fosters a family-like relationship in the team, so better outcomes can be 
obtained together” (Contractor, 12 years experience); (3) “having a champion 
ensures a more harmony and teamwork environment which encourages every party 
to contribute towards the best for the project” (Supplier, 13 years experience); (4) 
“they promote a healthier working environment and motivate team members to 
perform better” (Client, 10 years experience); (5) “it makes a project team stronger, 
more productive and conflict-free” (Supplier, 10 years experience).  
These positive instances of receptiveness suggest that that driving personalities 
could prove an extra edge to the supply chain team towards ensuring every aspect of 
proper SCM stays in place and the participants keep their focus on achieving it 
towards achieving the mutually agreed goals (i.e. timely completion). Superior 
leadership therefore should become a strategic goal of an organisation (Feigenbaum, 
1991) including the Malaysian public sector for improvement of future projects. 
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 Joint Agreed Goals  
SCM encourages the whole team to mutually agree on a set of goals (Maqsood 
et al., 2003) which in turn could influence the project team’s behaviour (Love et al., 
2002). The effectiveness of the supply chains, among others, depends on this 
capability (i.e. pursuance of common goals) (Anthony, 2000; Mentzer et al., 2000) 
thus it was not surprising that this tool came out as among the most important 
instruments to curb delay in the Malaysian public sector building projects, selected in 
six (6) sub-categories namely “Aim”, “Prioritization”, “Coordination”, 
“Communication”, “Relationship” and “Responsibility”. 
In terms of the “aim” of team members, this tool was considered a clear cut 
case by all respondents. As mentioned by the respondents, the main problem was 
related to not having a common project objective therefore, obviously "Joint agreed 
goals" was the only tool best applicable to ensure a common project objective among 
team members.  
Joint project objectives has also been regarded as a good collaborative tool 
(Green & May, 2005; Eriksson, 2008; Eriksson & Nilsson, 2008) where two or more 
parties work towards a shared goal (Cohen & Russel, 2005) and is a key feature of 
good SCM (Hovarth, 2001). Collaboration facilitates better communication, 
integration and coordination (Pheng & Fang, 2005) and this was consistently agreed 
by the majority of respondents as the tool was regarded useful for improved 
“communication” and “coordination”. As was generally mentioned by many of the 
respondents, “when everyone has the same goal from the beginning which is to 
complete on-time, then all effort would be towards that goal including trying to 
provide their best commitment to coordinate / communicate effectively towards 
achieving the pre-agreed goal/s”. Collaboration has been regarded as among the 
main features of a triumphant relationship (Kumaraswamy et al., 2007) thus the tool 
was also agreed by the majority as a major instrument for improvement of the aspect. 
Many generally said that “when everyone has the same goal from the beginning 
which is to complete on-time, then all effort would be towards that goal including 
trying to form a productive relationship with all parties towards achieving the pre-
agreed goal/s”. A Director in an Architect and Interior Design firm further stressed 
the importance of having a common goal by adding that “if project parties had 
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different aims, relationships between them can turn sour”, which implies that 
conflicting goals also contribute to adversarial relationships within the team.  
According to Oakland’s (2000) TQM model, good teams can be characterized 
as “high task fulfilment”, “high team maintenance” and “low self-orientation”. This 
means that a good team performs tasks at a better rate by maintaining a good 
affiliation among team members and tasks are undertaken in a collaborative manner. 
This therefore not only supports coordination, communication and relationships as 
part of teamwork but also the need for people to place correct responsibility on tasks 
and placing precedence on works accordingly. Respondents also had similar 
perspectives to this as the tool was also perceived to be a good device for improved 
“responsibility” and “prioritization” in projects. From aspects of responsibility, many 
generally believed that “when everyone has the same goal from the beginning, which 
is to complete on-time, then all effort would be towards that goal including taking 
proper responsibility over the project towards achieving the pre-agreed goal/s”. A 
Director of a contractor firm also said that “when everyone has the same goal to 
complete on-time then only they can be more responsible over the project”. In fact, 
three respondents (two from contractor and one from client) perceived this tool as 
being “very core” to improving responsibility levels of a project team. On the other 
hand, the pursuance of common goals was also described as important to persuade 
team members to prioritize and strategize their work accordingly, for example a 
contractor with 12 years experience said that “a project team can start planning ways 
to expedite work right from the beginning. This will enable them to identify priorities 
and focus on them”. A contractor and supplier with 15 years and 13 years experience 
respectively also said that “it will ensure that the team keeps their priorities right all 
the time” while a quantity surveyor with 35 years experience added that the team gets 
focused on their priorities as having the same goals ensures that they stay committed 
to the project. 
In short, a joint agreed goal significantly contributes to teamwork by improving 
aspects of coordination, communication, relationship, responsibility and 
prioritization as well as driving the team towards being focused on common 
objectives in a project. This is consistent with Rao et al. (1996)’s claim that different 
aspects of an organisation need to be involved and combined to achieve 
stakeholder’s requirements and this can be only achieved through teamwork. Kanji 
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(1998) also proposed a model for quality business and he placed teamwork as the 
most important aspect for good “people based management”. Therefore, the 
necessary co-operative relationship requires the uptake of key attributes among 
which are the jointly agreed goals towards influencing people’s behaviour (Love et 
al., 2000). Backed with clear significance, contributions and recognition from past 
research and studies, there is a good level of optimism that this tool can aid in 
improving the above six aspects of the public sector project delay. It can help in 
forming a good kick-start to projects by creating a team with the same goal and aim 
in mind, thus channelling their effort towards a predetermined direction. 
 
 Building Information Modelling (BIM)  
BIM was selected as a beneficial tool to mitigate problems associated with 
designing (i.e. insufficient drawing information, frequent changes in drawing) and 
specification (i.e. insufficient specification information, frequent changes in 
specification). Design and drawing problems (Al-Moumani, 2000; Assaf et al., 1995) 
have been among the main delay contributors; and BIM has been proven to cater for 
the time aspect of construction (e.g. Reddy, 2008), save delivery time (Gu et al., 
2007) and aid in on-time completion (Suermann & Isaa, 2009). “Building 
Information Modelling” (BIM) stands as an “integrated building design” tool which 
combines 3D, real-time, smart and lively models, facilitating proper information 
sharing, application and updates transparently and in a coordinated manner, and thus 
achieving a higher level of coordination and collaboration (Holness, 2008). This tool 
utilizes the concept of knowledge and resource sharing to assist decision making of a 
project throughout the project life-cycle (conception to demolition) (National 
Institute of Building Science, buildingSMART alliance, 2012). Campbell (2007, p. 
174-175) that provided a preliminary list of BIM functions which include – “Design 
Visualisation” , “Design assistance and constructability review”, “Site Planning and 
Site utilisation”, “Scheduling and Sequencing (4D)”, “Cost Estimating (5D)”, 
“Integration of Subcontractors and supplier models”, “Systems coordination”, 
“Layout and fieldwork”, “Prefabrication”, “Operations and Maintenance”.  The wide 
variety of function within BIM facilitates detailed drawing / specification preparation 
for example, as mentioned by a Director of an architectural and interior design firm, 
software by the name of “REVIT”. He said that “after design / specification is 
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complete, it can be exported to other software to incorporate details up to fine 
renderings”. 
Proper flow and management of information is a central task of the supply 
chain (Cheng et al., 2001) and can be facilitated through Information Technology 
(IT) (Wang et al., 2007) such as BIM. Operational, tactical and strategic gains are 
achievable in the industry via the proper utilization of IT (Love et al., 2004; Stewart, 
2008) and by automating the design and drawing preparation to facilitate faster and 
cheaper information transmission. This was consistent with the perception of many 
respondents, for instance an example given by a client with more than 10 years 
experience “when one part changes in their design / specification, all other parties 
can access it and do relevant changes in their design / specification. This can avoid 
missing information which is important for proper completion of project”. A 
contractor with 10 years experience added that “this tool ensures that all drawings 
are synchronized thus producing consistent outcomes”. Other qualities of BIM as 
mentioned by respondents include “continuously improved”, “more accurate” and 
“avoid loss of information or missing data” of design / specifications.  
Consistent design / specification also leads to clear and complete information 
to avoid changes when projects are executed, as mentioned by a client with 12 years 
experience, that “this tool’s consistent design production avoids problem when the 
real work starts at site”. This coincides with a study on 32 major projects by Azhar 
et al. (2008) who found that BIM could reduce time for projects include lessening 
unexpected changes by 40%. BIM also was highlighted by a contractor with 15 years 
experience for its ability to “help minimize error and produce a much better quality 
design / specification” and these benefits were also identified by Gray et al. (2013) 
but in the sense that errors are avoided through better planning (i.e. help effective 
work space planning of different trades), project delivery and quality (Gray et al., 
2013).  
BIM has already grown in popularity where a study by Dean (2007) found that 
70% of the practitioners are either using or are interested in implementing the tool 
soon. A 2008 survey was taken on the American architects, engineers and contractors 
that use BIM, and found that 62% of them would adopt the tool at a minimum rate of 
30% in their subsequent projects while 45% would use it in 60% of their projects 
(SMART, 2008). Young et al (2009) found that the BIM uptake rate had grown from 
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28% in 2007 to 48% in that year. With these proven benefits and positive acceptance 
towards BIM, this tool could well facilitate the Malaysian government in bettering 
their project delivery. 
  
 Pre-Qualification using “Team Criteria” Scores  
Project success depends largely on the right selection of team (Kumaraswamy 
et al., 2007) and thus a wider range of criteria other than the price aspect has been 
applied for proper selection of contractors (Kumaraswamy & Walker, 1999) as well 
as other project members (Palaneeswaran et al., 2001). In SCM, competition has 
shifted from individual companies to supply chains (group of organisations) 
consequently encouraging the whole consortium to be effective in their operation 
(Morledge et al., 2009). SCM focuses on how the whole team could be synchronized, 
not operating as individual organisation or person, and therefore it is vital that teams 
are comprised of the best individual / groups to ensure efficiency. Consistent with the 
great importance of right project team selection, the tool “Pre-qualification using 
“Team Criteria” Scores” has received strong attention by interviewees and appeared 
as another major tool for delay reduction. This tool was selected to reduce / eliminate 
delay in six (6) sub-categories – “Coordination”, “Communication”, “Relationship”, 
“Structure”, “Competency” and “Experience”. 
This tool was previously proposed by Kumaraswamy et al. (2007) for pre-
qualifying Public Private Partnership teams to form as Sustainably Integrated Project 
Teams (SRIT’s) by weighting the average technical, relational and sustainsivity 
scores to select best consortiums based on a “suitable multi-attribute decision-
making model”. The need of each of these aspects can therefore be weighted to best 
suit the client’s requirement / expectations. A contractor with 10 years experience 
quoted that “this is a very good tool that offers a filter mechanism towards selecting 
the best ‘team’ for the project success”.  
Based on responses, the interviewees showed strong weight-age on the 
importance of this tool for good teamwork and thus the tool was also selected for 
improving aspects of “communication”, “coordination” and “relationship”. For all 
three sub-categories, perceptions were quite similar where responses provided 
generally had the same meaning. For communication and coordination aspects, most 
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of them basically said that the tool “ensures the selection of best team (with best 
score) for the project. This ensures that they have had experience working together 
thus can coordinate / communicate better with each other and in the most effective 
manner for the benefit of the project” while for aspects of relationship they said that 
the experience the team had together enables them “to understand each other and 
that ensures that they can have the best relationship with each other for the benefit of 
the project”. Some respondents also opined that this tool is better than the common 
pre-qualification practices which select organizations separately (i.e. contractor, 
consultant, etc.) because it misses aspects of chemistry between the team thus 
affecting their ability to mould together. For example, a contractor with 12 years 
experience said that “this method is better than pre-qualifying and selecting project 
members separately and then trying to mix them together. There could be problem 
mix them up as they may not have chemistry with each other”. This suggests that the 
selection of teams which have had previous experiences working together enables 
them to cooperate and integrate better as they probably have gone through hard times 
together and thus have better understanding that will avoid breakdowns and conflicts.  
Other sub-categories that were suggested to hugely benefit from this tool were 
“structure”, “competency” and “experience”. These sub-categories were all under the 
pathogen “organisation” which therefore indicates that this tool is a good one with 
which to form an effective organizational structure of projects. Respondents 
generally perceived this tool assists in formation of a balanced and appropriate 
organization with the right group of people to take on the job. For instance, in term 
of “structure”, a client and contractor, both with approximately 10 years experience, 
suggested that the tool “would guarantee a more synchronized team structure for 
proper collaboration and teamwork to take place”. A contractor with 12 years 
experience further added that “elements of trust and good chemistry can be formed 
via this tool which contributes to a good organizational structure”. On the other 
hand, aspects of “competency” were believed to be improved generally as the scoring 
system “ensures the selection of most competent project team for the project”. 
Similarly they opined that the feature of “experience” is taken care of as the tool 
assists in “selection of the most adequately experienced” or “most experienced” 
project team.   
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Selection of the right team composition therefore is important for timely 
completion of projects. It is important to view a system as a whole (Winch, 2006) 
which lies as an important aspect within the concept of SCM (Liu & Liu, 2010). 
Good evaluation means should be identified as this poses immense influence on the 
success of enterprises (Liu & Liu, 2010). Cooperation among project team members 
would then benefit them in terms of having a long-term mind set and higher focus of 
the team towards sustainability issues (Kumaraswamy et al., 2006). This tool had in 
the past proved successful, for instance in the case of British Airport Authorities as 
they saved 15 months just by ensuring that the right group of people were selected to 
do the job (Potts, 2009). For that reason, this tool could therefore prove beneficial for 
curbing delays in Malaysian government projects. The aspect of chemistry and right 
team composition and qualification should be given more attention towards 
ultimately creating a balanced team with good understanding, to avoid conflicts as 
well as to improve team efficiency.    
 
 Early Involvement of all Supply Chain  
This tool was selected for improving practices to do with procuring. SCM 
promotes better utilization of resources throughout the supply chain (Dubois & 
Gadde, 2000), which could lead to well-organized procurement and purchasing 
processes (Horvath, 2001). Decisions made should be for the benefit of the whole 
development, thus according to Eriksson & Pesa¨maa (2007), procurement decisions 
should be consistent and be able to be harmonized with other decisions. The 
importance and benefit of involving supply chains early in projects has been 
recognized and adapted as part of an SCM initiative by a number of UK clients 
(Pearson, 1999), which has resulted in timely completion in a project studied by 
Kumraswamy et al. (2004).    
Since there is no “one size fits all” for procurement systems (Love et al., 
1998c), this extends the need for a broader perspective in deciding procurement 
routes which could benefit from involving a wider-range of entities to contribute 
towards considering the best out of the variety of approaches available. This was also 
mentioned by many respondents by saying that by “involving all relevant supply 
chains right from the beginning (pre-construction stage) allows for more opinion / 
idea for best project bidding and award method selection”. Apart from procurement 
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of whole project (i.e. open tender, design and build, etc), a few respondents also 
believed the tool can assist in procuring material and sub-works, for example a client 
with more than 10 years experience said that “some material may benefit more by 
awarding them through Nominated Sub-Contracting (NSC), thus supplier early 
involvement can play a good role especially when it comes to highly specialized 
works that may involve special materials”. A contractor with 10 years experience 
also said that “this tool does not only apply to the whole project procurement but also 
relating to procuring sub-works. For example, when it comes to supply of material, 
there may be materials that are not relevant anymore in the market. If materials are 
out of market, maybe the client can use the Nominated Sub-Contracting (NSC) 
method instead of including them early in the contract or maybe just eliminate and 
replace them with those that are readily available. So, by getting opinion from 
parties that themselves have been involved in the ‘ground works’, it allows for more 
efficient decisions”. Suppliers take up almost half of the project team composition, 
thus Sarkar & Mohapatra (2006) closely linked their proper management with the 
performance of the whole supply chain. Improvement can be made on procurement 
practices for example; - saving time on assessing and rejecting bids (Pickering, 
2007). This was also mentioned by a contractor with 10 years experience but in 
relation to specialized works – “other example on how this tool can save time is that 
when coming across contractors with extra specialization (i.e. Mechanical and 
Electrical works), thus maybe the client can award the whole work package to them 
instead of separating the Mechanical and Electrical works to be awarded via NSC. 
NSC selection also consumes time which could be saved for the benefit of project”. 
Early involvement of contractor and sub-contractor have also been linked to better 
time and cost achievements (Kumaraswamy et al. (2004) while cost savings have 
also been highlighted as possible results from involving sub-contractors and 
suppliers early during the procurement process. These “implementer groups” have 
vast experience in a project’s ground works, dealing with numerous procurement 
occasions (i.e. supplier selection) as well as the market condition (i.e. suppliers) thus, 
their experience, thoughts and ideas could benefit better procurement decisions at 
different levels.  
 
 Joint Strategies  
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This tool was selected by respondents for improved decision making. The need 
to consider numerous aspects, issues, situation, resources and risks associated to 
projects signifies the importance of properly managing knowledge within the team 
for concluding good judgements. Knowledge sharing and joint learning involving 
multiple trades and disciplines are essential (Jorgensen & Emmitt, 2009) however 
due to limited appropriate techniques, it has rarely happened (Styhre et al., 2004).  
The enormous knowledge available within the supply chain needs efficient 
management and utilization to guarantee success in organisations (Oppong et al., 
2005). It could contribute to improved tender selection (Gilsby & Holden, 2005) and 
facilitate easier project development (Kumaraswamy et al., 2005) which all has a 
close relationship with good decision making. Therefore, “Joint Strategies” can be 
beneficial towards diffusing skills, knowledge, expertise and experience among 
project participants from diverse backgrounds to strategize better verdicts in project.  
Many respondents believed that this tool enables project parties to make best 
decisions through the combination of strategies. A Director of an Architectural and 
Interior Design firm mentioned that “by combining strategies, it can ensure a more 
pure and firm decision where the final decision becomes the team decision, not 
individual ones”. This implies that the importance for decisions is duly considered by 
all team members, perspectives of all disciplines are incorporated, available 
knowledge, experience and skills have been utilized and that the ultimate verdicts are 
the most confident and agreeable for everyone. This also “ensures a more efficient 
decision making”, as mentioned by an officer from the Public Works Department 
who had more than 10 years experience.  
Uncertainties have also been major culprits of delay (Al-Moumani, 2000; Chan 
& Kumaraswamy, 1997) thus joint strategies would enable aspects of risks to be 
incorporated when the team makes decisions on whether to absorb, mitigate or avoid 
the risk. In fact, this tool has been described as a form of risk management response 
(Ritchie & Brindley, 2007). Activities such as knowledge and experience sharing as 
well as brainstorming can abet towards solving problems relating to critical works 
(Salem et al., 2006) which could well take place through joint strategies. Therefore, 
with facets of knowledge sharing and management that could take place within joint 
strategies, it appears promising for better decision making. 
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 Joint Risk Management  
This tool was considered beneficial for improving pathogens that arise due to 
practices to do with satisfying goals, needs or targets. Past perception suggests that 
there is a close connection between risk and performance (Knight, 1921) and was 
supported by (Lonsdale & Cox, 1998), which means that risks that are not managed 
properly could affect satisfaction level of project stakeholders. Uncertainties are 
synonymous with the construction industry and are described by Ritchie & Brindley 
(2007) as circumstances where future outcomes are totally unpredictable due to 
insufficient information and knowledge. This situation exposes projects to 
unexpected events such as fluctuation of prices, changes of scope and many more. 
Risk management aims at predicting chances of occurrence, studying outcomes 
and planning solutions (Ritchie & Brindley, 2007). It has received lots of attention as 
organizations try to be more and continuously competitive globally as well as 
achieve technological improvement (Brindley, 2004), which consequently leads to an 
improved level of satisfaction. However, for risk management to be efficiently 
managed and satisfy all parties, an innovative solution is required which could 
benefit from collaborative initiatives. One such initiative is the “Joint Risk 
Management (JRM)” which was applied in the M41 programme in the UK and 
achieved success (Kumaraswamy et al., 2004) while the T5 project in UK saved 
three months project time (National Audit Office, 2005). In this study, interviewees 
also regarded Joint Risk Management as an important tool for improving satisfaction 
levels of project participants. Respondents generally opined that by taking a 
collaborative approach to risk management (involving all parties) by jointly 
identifying and considering risks, it would ensure a more reasonable requirement and 
duration to be assigned to projects, which satisfies all parties. A consultant with 11 
years experience mentioned that “this tool can be used to identify all possible risks 
before finalizing the suitable duration for projects. This is because high risk projects 
may require different than ordinary duration thus the use of standard completion 
period is not permissible. Additionally, when JRM is done, a wider aspect of project 
can be considered which further ensure a more achievable requirement and duration 
to be set which satisfies all parties”. A consultant with 35 years experience added 
that “through JRM, the risk can be planned whether to be reduced or overcome 
before the project commences” which signifies the ability of this tool to deal earlier 
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with projected risks thus avoiding unexpected events at site. A Public Works 
Department officer with 10 years experience also mentioned that “if any of the risks 
are missed, then requirements and durations may not be achievable” and if that was 
the case, an Engineer with 14 years experience believed “it would cause contractor 
failing to complete on-time”.  
These responses therefore implied that importance of jointly involving wider 
group of people in risk management efforts towards better considerations which 
accounts for aspects of a project (i.e. requirement and durations) thus satisfying all 
parties. Through teamwork, information sharing and joint problem solving can take 
place (Cheung, 2010) and the good relationships within the team are considered the 
“enabler of risk mitigation” (Faisal et al., 2006). Therefore, with vast benefits of 
JRM and backed with past success applications, the same could be expected for 
Malaysia.  
 
 Regular Joint Review   
The advantages and benefits of teamwork, joint efforts as well as knowledge 
sharing, are very clear in terms of their contribution to the efficiency, productivity, 
effectiveness and success of projects. “Regular Joint Review” also stands as a form 
of joint effort and teamwork towards brainstorming ideas, experience, information 
and knowledge for the benefit of the whole project. This tool has been selected as an 
important tool for a number of sub-categories namely “satisfaction”, 
“documentation” and “decision”. 
From the aspect of “satisfaction”, the interviewees generally suggested that this 
tool helps to satisfy all parties by regularly reviewing together project requirement 
and durations towards ensuring that they are reasonable and achievable. According to 
a contractor with 13 years experience “project needs change depending on time, 
situation and projects. Therefore, this tool is most suited to study the project needs 
from time to time. Based on the project needs, then a reasonable duration and 
requirement that satisfy all parties can be set”. A consultant with 35 years 
experience also added that “this tool can be used to review problems associated with 
projects for setting a more practical requirement and duration towards achieving the 
jointly agreed goals”. In some cases, for example projects with different locality 
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could experience problems that are not usually apparent in other projects (i.e. access 
to site) thus, through regularly reviewing them as a team, these problems could be 
detected, evaluated and catered for to avoid unexpected events in later stages.  
Similarly, this tool was regarded useful for improving quality of 
“documentation” by continuously reviewing them to ensure they meet satisfactory 
quality standards. As mentioned by a client with more than 10 years experience, “this 
tool can be used to review documentation to ensure its quality and that they are up to 
date” while a supplier with 13 years experience said that “this tool can be used to 
discuss and conclude together towards improving quality of documentations”. On the 
other hand, a client with more than 10 years experience added that this tool can also 
be used to update and avoid repeated mistakes in documentation. As for “decision” 
making, all respondents were very straight forward and generally believed that a 
regular review of decisions ensures the best and most efficient final decision. 
 The utilization of joint effort in “Regular Joint Review” can therefore be 
considered as a promising aspect for the improvement of the above three (3) sub-
categories. Pooling of ideas, experience and knowledge enables a wide-range of 
considerations to be made thus achieving improved outcomes.  
 
 Joint Policy Review  
This tool was a new tool proposed by respondents as a means of improving 
practices in public sector building projects. Despite being a new tool, its strong 
connection to the concept of “joint effort” and “teamwork” is of no doubt and 
therefore, benefits of such efforts are very clear. The respondents generally believed 
that this tool can facilitate the government to better identify areas that need or may 
need improvement for the purpose of policy making. As was generally mentioned by 
a client with 10 years experience “maybe the government has no idea of areas / 
aspects which require further research and development therefore, ideas from other 
parties such as the contractor, consultant and others can assist in identifying aspects 
that require improvement, thus the government can undertake research and 
development on those aspects”.  This tool acts in the sense that it “enables 
involvement of all parties to review the government policy to identify aspects that 
need improvement. Then they can advise the government on where to invest on 
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research and development to improve their project performance”, as stated by a 
supplier with 13 years experience. This way, ideas, observations and opinions from 
other project parties / industry players could be studied, weaknesses or lacking areas 
could be highlighted and consequently, the government could further allocate 
resources for extra research and development in areas that are lacking or are needed.  
Therefore, this tool could be a good proposition as the public sector organisation 
could certainly benefit from a third party observation of their policies. Being 
practicing professionals, external views can provide a new insight into what have 
been lacking in government practice, which can be improved through better policy 
making.  
 
 
 Profit Sharing Arrangement  
The win-lose attitude and lack of pain-gain sharing have been among the weak 
connections of the construction industry (Palaneeswaran et al., 2003) thus profit 
sharing, as a form of motivational tool, can influence people’s behaviour towards 
being more committed to the team’s agenda. As mentioned by a supplier with 10 
years experience “the main purpose for all parties entering into a project is to 
maximize profit, not bare losses. Therefore, when there is a mechanism that offers a 
chance for the project team to increase profit, they will work all out to complete the 
project as early as possible”. Profit sharing basically offers extra monetary gains as 
a result of savings in projects (i.e. reduced cost), certain target being achieved (i.e. 
early completion), etc. In general, respondents believed that this tool can provide a 
booster for project participants to be more focused on their “prioritization” and 
“responsibility”, which thus contributes to the effort for on-time completion of 
projects. As understood by all respondents, this tool offers additional profit (apart 
from the pre-agreed percentage) for project parties if the project has avoided delays. 
Many said in regard to prioritization of work that “when everyone is guaranteed 
additional profit from the ‘profit sharing’ practice, it would motivate all parties 
towards completing on-time or earlier. This motivational tool ensures that everyone 
prioritizes their work properly towards achieving the project target”. This tool was 
also known as a morale booster for the team to accordingly place the right amount of 
responsibility towards maximizing their chance of enjoying the extra bonus. A 
Director of an architecture and interior design firm further added that the tool creates 
  
Chapter 6: Discussions 177 
“the feel of responsibility in the project” while a supplier with 13 years experience 
noted also believed that this tool also “provides the ‘sense of ownership’ in the 
project”. The ability of profit sharing to foster better collaboration (Philips et al., 
2000) as well as long term performance and continuous improvements have been 
previously documented (e.g. Poirier & Reiter, 1996) and could therefore benefit the 
Malaysian public sector projects as well.  
 
 Performance-based Incentive  
This is another form of motivational tool but using performance as a measure 
for giving out incentives. This form of incentive was previously used in a T5 
agreement to encourage on-time project delivery (Douglas, 2005) and has therefore 
been suggested as a way forward to foster “responsibility” among project parties. 
The interviewees in general opined that this tool ultimately acts similarly to the profit 
sharing arrangement and could be a good morale enhancer to encourage higher level 
of responsibility among participants to achieve the pre-set targets. A Director in an 
architecture and interior design firm described that it ensures that the team “would 
have a motive and know what they will get if they perform as required. This would 
attract and bring the responsibility character into the team and thus they can work 
towards obtaining the incentive”. Backed with past success involving the 
implementation of this scheme, the Malaysian industry could enjoy the same result as 
well. 
 
 Risk Sharing Arrangement  
The principles of Risk Sharing were described by Toshihiko Omoto & Onishi, 
2006, p. 382) as “1) the party who can assess and control the risk should bear it; 2) if 
none of the parties can assess or control the risk, the party who can bear it easier or 
procure the insurance from the market should bear it”. The ability of this tool to 
improve team performance (Hammer & Champy, 1994) and commitment to mutual 
goals (Eriksson & Pesa
..
maa, 2007) has been noticed.  
Risk sharing stands also as a form of motivation but from an opposite 
perspective where the “scare” becomes the driver for performance. This was agreed 
by the respondents towards accelerating works, suggesting that this tool drives all 
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parties to ensure that they do not endure any loss, for example, as was generally 
mentioned by many that “when everyone has to bare the result / loss due to delay, 
then they will as much as possible try to accelerate their work / avoid delays”. Other 
than fiscal loss, reputation was another aspect of concern as highlighted by a Director 
of an architecture and interior design firm where “parties will be worried if they were 
to be the loss contributor to other parties, then everyone would blame them and this 
would also affect their future chance for collaboration in other projects”. The fear of 
being the culprit of others’ loss could also encourage better commitment to the team 
and focus on the ultimate project goal. These aspects signify better collaboration, 
which is known to benefit from risk sharing (Philips et al., 2000) while sharing of 
responsibilities also encourages better team work (Spekman et al., 1998).  
 As for convention to improve practices, respondents opined that risk sharing 
could persuade the government to further invest in Research and Development to 
improve their performances rather than bear losses due to delays as a result of shared 
responsibility via the risk sharing arrangements. In general, respondents stated that 
“instead of suffering loss due to delays, it would be better to invest the money for 
research and development. Considering this, the government may be motivated to 
invest more on research and development to improve performance and processes 
thus reducing their losses” because according to few others, such as a Mechanical 
and Electrical Engineer with 14 years experience “the government will have to bear 
losses every time delay occurs”. A supplier with 13 years experience also added that 
“the research and development could be an early investment, but in the long-term it 
could prove profitable due to savings from delay”. This statement was meant that as 
research starts to be fruitful, timely completion would start to be achieved, from 
which ultimately the savings from having to bear losses from delay covers up the 
cost of research. Therefore, in the long-run, timely or early completions lead to more 
profit as a result of savings made on time. 
On the other hand, this tool was also vowed useful to control bureaucracies in 
government organization. It was believed that this tool acted in the same manner as 
when it encourages more research and development. Losses almost always happen 
when delay takes place, thus respondents believed that only by the government 
having to share losses as well would they start looking into their bureaucratic 
practices. As mentioned by a client with more than 10 years experience “when the 
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government also has to bear losses due to delay, then maybe they will start looking 
at delays from a ‘business perspective’ where they can know how much loss they will 
incur once delay happens. Then they will try to reduce unnecessary bureaucracies to 
avoid losing”. Quite a similar perspective was shown by a Quantity Surveyor from a 
Ministry who suggested that in this way, the government “will be more rigorous to 
improve their bureaucracy practices”. On top of that, others also opined that this 
scheme would force the government to “expedite processes”, “eliminate 
unproductive processes”, “identify other options” and “review and improve their 
bureaucracies”.    
Based on the responses, risk sharing could act as a mechanism to push people 
to think out of the box and look for ways to perform better (i.e. avoid delay). While 
some had different perspectives, in most cases respondents seemed to be more 
focused on the fiscal aspect of “risk” which refers to loss of profit. However, overall, 
respondents showed awareness of the benefits and impact this tool could have on 
project performance.   
 
 Training and Development Efforts 
The entire supply chain success can be facilitated using “process improvement 
tools” which require the ability to exploit both existing and emerging technologies 
towards sustaining competitive edge (Cheng et al., 2001) as continuous 
improvements have remained among the main agenda through SCM. Individual and 
organizational improvement tools can also be a good addition towards constant 
improvement of competency. At such, “continuous trainings” (Clarke & Wall, 1998) 
would improve the flexibility, trust and pride of the participants (Cheng et al., 2001) 
while “staff development” equips workers with up-to-date skills, technology and 
knowledge (McCreadie & Rice, 1999).  On the other hand, enforcement of “training 
and development policies” in the team agenda (Cheng et al., 2001) would allow these 
initiatives to be sustained towards responding to new needs from time to time. All 
these tools were selected by interviewees for improvement of different aspects of the 
project. 
As such, “continuous training” was selected as a good tool to improve 
“coordination”, “communication” and “relationship” which, in other words, refer to 
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the “teamwork” aspects. The interviewees in general saw this tool as important 
towards continuously increasing coordination, communication and relationship skills 
of the project team. On an additional note, a Director of an architecture and interior 
design firm mentioned that “when level of knowledge is different, it will deter proper 
coordination between the different levels such as between the sub-ordinates and the 
manager. So, continuous training helps them to improve or upgrade their skills 
continuously towards having a more effective coordination” while in regard to 
relationships, the Director also added that this tool “helps project team / organization 
members to better understand other parties circumstances towards better 
understanding other parties”. Regular trainings are essential for a leaner and more 
effective project (Freire & Alarco’n, 2002) and to ensure that the team can cope 
better in future projects, thus achieving better results.  
On the other hand, “Staff Development” and “Joint Training and Development 
Program” were both selected as good tools for improving the “competency” aspect of 
project organization. Staff Development programs were generally targeted for 
individual personnel as a platform for them to increase competency levels. This tool 
was also noted as important to ensure a balanced capability level of all organization 
members and to avoid shortage of proficient people when needed in the future. A 
client with more than 10 years experience said that this tool “is important to get the 
new staff to be on par with senior staff’ competency level and also as back-ups to 
replace older staff when they retire”. The client further added that “this tool can also 
benefit older staff to improve / refresh their skills”. As for the “Joint Training and 
Development Program”, respondents generally believed that when training and 
development programs are undertaken in a collaborative manner, it enables the 
whole as well as the organization’s members to improve their competencies from 
time to time. A Mechanical and Electrical Consultant also saw this tool as a platform 
for “sharing of skills and experience to take place between program participants” 
while a contractor with 15 years experience thought that “it could help increase the 
number of competent people”.  
With globalization taking its course around the world, the construction sector 
keeps getting exposed to new areas of knowledge and technologies, which therefore 
require the team to keep on being updated.  Therefore, enhancement of training and 
development efforts enables improved team capability to perform and collaborate, 
  
Chapter 6: Discussions 181 
which consequently could lead to an improved team composition in the Malaysian 
government projects. When carried out continuously, regularly and consistently, 
continuous improvements in these areas can also be made possible. 
 
8.5.2 Framework that Utilizes Beneficial SCM Tools to Reduce Delays in 
Malaysian Public Sector Building Projects 
As has been explained in previous sections, this research went through a 
number of stages before establishing the “framework that utilizes beneficial SCM 
tools to reduce delays in Malaysian public sector building projects”. The final 
framework has been presented in Table 7.5 in Chapter 7 and is hereby presented 
again to be discussed. 
 
Table 7.5: Framework that Utilizes Beneficial SCM Tools to Reduce Delays in Malaysian 
Public Sector Building Projects (Research Final Framework) 
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With reference to Table 7.5, the framework demonstrated that “joint efforts” 
were the best approach to delay reduction in Malaysian public sector building 
projects. Out of 14 efforts of similar nature that were presented in the interviews 
(Collaborative logistics, Joint Project Office, Jointly Agreed Goals, Joint Pro-active 
Assessment and Planning, Regular Joint Reviews, Joint Trainings and Development 
Programs, Joint Strategies, Joint Risk Management, Quality Circles, Scheduled 
Product Development Meetings, Workshops, Early Involvement of all Supply 
Chains, Profit Sharing Arrangements and Risk Sharing Arrangements), eight of them 
(Joint Agreed Goals, Profit Sharing Arrangements, Risk Sharing Arrangements, Joint 
Risk Management, Regular Joint Review, Early Involvement of all Supply Chains, 
Joint Training and Development Programs and Joint Strategies) were regularly 
selected as beneficial SCM tools. On top of that, even the two newly proposed tools 
(“Joint Research and Development Program” and “Joint Policy Review”) were 
inspired by the same initiative. This is not surprising as collaborative issues have 
been among the culprits of delay (Potts, 2009) leading it to be subject of much SCM 
research (McCarthy & Golicic, 2002; Holweg et al., 2005). These tools that 
represented more than half of the overall SCM tools in the framework therefore 
highlight the importance of teamwork for proper project delivery. These findings 
support past research documenting the importance of teamwork for better project 
performance (e.g. Chow et al., 2007; Goh, 2002; Sahay, 2003; Lee & Choi, 2003; 
Rowlinson & Cheung, 2008) and good relationships as an “enabler of risk 
mitigation” (Faisal et al., 2006). The enormous knowledge available within the 
supply chain needs efficient management and utilization to guarantee success in 
organisations (Oppong et al., 2005) and can be facilitated from effective cooperation. 
Teamwork stimulates sharing of latest information and joint problem solving and 
consequently minimizes errors, delays and inspires innovations (Cheung, 2010). 
Therefore, this shows the importance of team efforts in working towards better 
project performance and thus should be prioritized by the Malaysian government for 
better delivery in their projects. 
Another particular important finding was that “Joint Agreed Goals” and “Pre-
Qualification using Team Criteria Scores” were the most important SCM tools where 
both appeared as one of the main SCM tools in six out 19 sub-categories. Not only 
that, they both were also found to be equally beneficial for improving aspects of 
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“coordination”, “communication” and “relationship”. This further signifies that the 
Malaysian practitioners greatly value the importance of proper teamwork and 
collaboration for improved work efficiency. Both aspects of “common objective” and 
“project team composition” are essential because, according to Cohen & Russel 
(2005), collaboration is not an individual task but rather requires the involvement of 
multiple entities that are aiming for the same targets. Therefore, in this sense, the 
“Pre-Qualification using Team Criteria Scores” assists teamwork by ensuring the 
establishment of the right group of people to carry the work (Kumaraswamy et al., 
2007) while the “Joint Agreed Goal” greatly benefits collaboration (Green & May, 
2005; Eriksson, 2008; Eriksson & Nilsson, 2008) by facilitating better 
communication, integration and coordination (Pheng & Fang, 2005).  
Other than that, superiority of the tool “Pre-Qualification using “Team 
Criteria” Scores” was also found for improving aspects of project organizational 
structure. It was consistently and significantly selected in all sub-categories involved 
under pathogen “organization” – “structure”, “competency” and “experience”. This 
pattern therefore further emphasizes proper project team selection as among the 
fundamental aspects for achieving timely completion in projects. It also further 
highlights the importance of considering aspects such as understanding and 
chemistry among team members to make up a good project organization; this aspect 
cannot be guaranteed in the common pre-qualifications which brings in parties 
separately and hopes that they can integrate. 
However, there also seemed lack of awareness in regard to certain enablers of 
better project performance. One of them was the lack of appreciation on the 
importance of Information Technology (IT) for improving work efficiencies. This 
was evident as IT tools such as “Expert-Systems”, “Softwares”, “e-systems” etc. 
were very minimally selected. Out of eight SCM tools of this nature that were 
provided (E-Procurement, MyVirtual Home, Dynamic Communication Environment, 
RIVANS, Building Information Modelling, Automated Construction Activity 
Tracking System, Automated Material Tracking and CALIBRE software system), 
only one tool was selected (Building Information Modelling (BIM)) and even that 
was only proposed for limited functions; that was to improve practices to do with 
designing, preparing drawings and specifications. BIM have also been recognized as 
beneficial for other aspects such as coordination, collaboration (Holness, 2008) and 
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decision making (National Institute of Building Science, buildingSMART alliance, 
2012) which in the case of this research, could have probably benefited from aspects 
of communication and coordination; however they were not captured by respondents 
Similarly, there also seemed limited appreciation in regard to the influence of a 
good driving personality towards improving diverse aspects of project execution. As 
a result, the tool “Champion / Driving Personality” was underutilized and was 
selected only for improving leadership practices. Meanwhile, this tool has in the past 
been associated with many other benefits; for example Kumaraswamy et al. (2007) 
believed that the tool could change the teams mind-sets, way of working and 
generate innovative ideas while Cheung & Rowlinson (2005) further acknowledged 
the champion’s role for stimulating open communications, improving cooperation 
and brainstorming ideas for better problem solving. This means that supposedly, 
many other aspects of delay contributors could be catered for by this tool, but this 
was not mentioned by respondents. The perspectives received therefore seemed very 
rigid and narrow in capturing diverse aspects that a good leader could contribute to 
project performance.  
In overall, Malaysian public sector project practitioners generally perceived 
good collaboration and teamwork as the key to achieving better time completion in 
their building projects. There was an obvious pattern in responses where at least one 
form of joint effort was existing in 14 out of 19 sub-categories involved and that all 
tools were of similar nature in nine (out of 14) of them. There was also a general 
consensus among respondents on the strong inter-connections between 
communications, coordination and relationship aspects of project, with tools selected 
in all three areas being exactly similar. However, while good understanding existed 
on the ability of teamwork to curb delays; it seemed that those were the only aspects 
they could make sense of. Other similarly important aspects to improve efficiency 
(i.e. Information Technologies) were somewhat ignored and not selected. As a result, 
only 21 SCM tools out 56 that were presented were selected, while another two new 
tools were proposed (i.e. “Joint Policy Review” and “Joint Research and 
Development Program”). Out of that, 15 tools were agreed upon as the most 
beneficial SCM tool to reduce delays - 14 from the list and one from the newly 
proposed tool. This means that more than half of the tools from the list were not even 
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selected by anyone, while only roughly a quarter of them came out as significant. 
Some possible reasoning for these scenarios could be: - 
 
 Infancy of SCM in Malaysian construction industry 
SCM is a new notion for Malaysian practitioners (Rashid, 2002) as are “lean” 
practices (Abdullah et al., 2009) thus understanding on SCM concepts is still lacking 
(Abdul Shukor et al., 2011). Malaysian technology is still living in the 1960’s (Zaini, 
2000); while initiatives have been in place such as the Industrialized Building 
System (IBS), they are still dominated by traditional practices (Nawi et al., 2010). 
These scenarios could, to a certain extent, affect level of acquaintance of industry 
practitioners with SCM tools. While this researcher has tried to approach 
considerably experienced respondents (i.e. at least ten years experience) with the 
hope that they would have more exposure on revolutionary working methods, their 
tool selection were still rather repetitive. It seemed that they could not properly 
appreciate other tools except for some general concepts, for which their applications 
are rather straight forward (i.e. Joint Strategies, Continuous Trainings, etc.). While 
different tools have been selected, they were not common and were probably familiar 
to only a few people. Considering that the public sectors are being run by 
government, this research expected that the respondents to be more exposed to 
technologies that private sectors may not afford, but in reality that was found not to 
be the case. This therefore justifies critics from the Director General of the 
Malaysian PWD that the sector was still very backward (Zaini, 2000) which also 
suggests that local practitioners were mostly still conventional-minded and lack 
awareness concerning revolutionary practices. The lack of exposure to advanced 
project management tools means they probably cannot appreciate the benefits of the 
variety of available SCM tools.  
 
 Certain SCM tools are more superior to others 
Different tools could be of a similar nature but could vary in superiority. An 
example of this are tools for selecting project participants where many tools have 
been proposed but some focused on different aspects for selection - “pre-
qualification rating”, “value for money rating” and “transparency selection 
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rating”(Kumraswamy et al., 2000)  and “Pre-qualification using “Team Criteria” 
Score” (Kumaraswamy et al., 2007). Even though all of them offer measures to 
select a project team, one can be better than the other and this was for the respondent 
to decide. In this study, it was generally agreed that “Pre-qualification using “Team 
Criteria” Score” was the winning tool and in fact some of them highlighted it as 
better compared to the common pre-qualifications which select project parties 
separately and bring them together to integrate. Therefore, only the best tool was 
selected while others were left out or not selected by many.   
 
 Similarity in concept of certain tools 
This specifically happened with tools related to training and incentives. With 
the existence of different “training related” tools (i.e. “continuous training”, “staff 
development”, “joint training and development programs”, etc.) and incentive-related 
tools (i.e. “profit sharing”, “performance based incentive” or “incentive based 
compensation”) the interviewees claimed that they generally serve quite similar 
functions (i.e. to provide training or give incentive) and it was just a matter of the 
“name” or “term” that was used. In fact, this case was evident during validation 
interviews as the interviewees generally had no problem accepting the majority’s 
selection should they be different than theirs, based on the above.  
However, overall, despite limited selection of SCM tools, these tools could be 
considered a good number to start with for a nation that has never been properly 
exposed to the SCM concept. With regard to current dominance of traditional 
practices in the industry, attempts to infuse too many initiatives at a time may not be 
possible as the industry should also be allowed to have adaptation periods. 
 
8.6 SUMMARY 
This section has discussed findings of this research starting from the 
establishment of main delay factors to the development and validation of the final 
framework. This research started by conducting a preliminary interview on 
Malaysian industry experts with the aim of identifying other public project delay 
contributors based on the recent scenario of the nation. These efforts lead to the 
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discovery that roughly a quarter of the 42 main delay contributors were factors that 
were highlighted by the industry experts.  
Then, this section discussed approaches in categorizing the main delay factors 
into pathogens and sub-categories of pathogens as well as how Busby & Hughes’ 
(2004) approach to pathogens were applied to this research. It was found that most 
delays happened as a result of poor practices followed by inappropriate 
organizational structures, project circumstances and conventions.   
Lastly, a discussion was undertaken on most beneficial SCM tools established 
for this research’s final framework and many of the tools were found capable of 
catering for more than one area of problem activity. In overall, shared venture was 
raised up as the most important initiative for achieving improved time performance 
in Malaysian public sector building projects. On the other hand, the impact of 
Information Technology and driving personalities were underappreciated.  
 The next section will conclude this research study, including a presentation of 
key findings, contributions, limitations and suggestions for future research.  
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Chapter 9: Conclusions 
9.1 INTRODUCTION 
The lack of timely completion has been among major criticisms surrounding 
the construction industry and a similar dilemma has also been hitting Malaysian 
public sector projects - in fact, delays have been occurring at horrifying rate in recent 
times. In Malaysia, developments are strategized through regular five-yearly plans 
called the “Malaysia Plan”, however, despite the year 2020 ambition is being within 
sight, the performance of the past two Malaysia plans has been far from convincing, 
with the most recent one (Ninth Malaysia Plan) recording an 80% delay rate roughly 
one year before the end of the plan. These problems could have been a continuation 
from the Eight Malaysia Plan, which also witnessed a massive 78% delay rate with 
an average extra time of approximately six months per project.  
This therefore calls for an urgent need for ratifications, if the nation’s ambition 
of growing in line with other developed countries were to become reality. Past 
studies as well as success cases have promoted SCM as a mechanism to enhance 
project performances and continuously improve it towards becoming more 
competitive. The philosophy which originated from the manufacturing and 
production line improves efficiency through uptake of best practices towards creating 
a more harmonious, productive, trusting, satisfactory and innovative working 
environment. While aspects of SCM were also highlighted in one of the recent 
Malaysian government initiatives – Construction Industry Master Plan 2006-2015, 
other studies (e.g. Hamid & Kamar, 2010) found it fell short of sharing best 
practices; this further suggests that the industry lacks in awareness of initiatives 
available within new management philosophy.  
Based on the above, the research therefore developed a framework which 
utilizes beneficial SCM tools towards assisting the improvement of Malaysian public 
sector project time performance. A particular focus was placed on the most recently 
ended Malaysia Plan which was the ninth one; other scopes were further downsized 
based on information from the Project Monitoring Unit in the Public Works 
Department and also based on lessons learnt from both the 8
th
 and 9
th
 Malaysia Plan. 
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9.2 FRAMEWORK DEVELOPMENT  
Toward developing the framework, this research started by extensively 
studying past literature in establishing the variables involved. For this purpose, 
Chapter 2 outlined an overall view on construction project delays, findings from past 
studies as well as an inside view on project pathogens. Pathogens, which are also 
known as latent conditions, were used in this research as a means of approaching 
delays from a system perspective, thus better suiting the concept of SCM. Then, 
Chapter 3 looked into the Malaysian construction industry, what the dilemmas are, 
government initiatives, the need to improve practices as well as the way forward (i.e. 
SCM). Lastly, Chapter 4 explained SCM, a definition for this research was proposed, 
its applicability for construction was outlined and a range of SCM tools that have 
been implemented at different levels were highlighted. 
As for the methodology, each objective was targeted in sequence as they were 
inter-connected for the framework development (refer to Chapter 5 for details). The 
summary of steps taken is as follows: 
1. Preliminary data gathering was conducted on six industry experts towards 
indentifying other delay contributors to the Malaysian public sector project 
delay, to supplement factors from literature reviews. Due to limited research 
concerning the local public project delays as well as possibilities for other 
contributors as a result of different features such as locality, culture and point 
in time, the interview contributed towards the establishment of a complete list 
of delay factors. These factors then were included in a questionnaire, taken 
through surveys and after they were analysed, enabled the main delay factors 
to be established (refer to division 1 and 2 in Table 6.20 at Appendix ‘E’). 
 
2. The main delay factors were then grouped into pathogens and sub-categories 
of pathogens using Busby & Hughes’ (2004) paper as the main reference, 
while new ones were proposed should no reference exist. The groupings then 
underwent a series of interviews, which enabled the groupings to be validated 
(refer Table 7.2). 
 
3. Once main delay factors have been grouped, this research needed to match 
best SCM tools for the mitigation / reduction of each of the pathogens and 
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sub-categories of pathogens. Interviews were also used for this purpose as 
interviewees were required to suggest the best suited SCM tool. This 
consequently produced the initial framework which was then taken through 
another interview session for validation before finally establishing the 
finalized research framework (refer Table 7.5).  
    
9.3 RESEARCH KEY FINDINGS 
The aim of this research was to explore delay contributors and provide 
solutions for inefficiencies of the part of the Ninth Malaysia Plan 2006-2010 (i.e. 
Building Projects) using the revolutionary Supply Chain Management (SCM) 
concept. A special focus was placed on factors at pre-construction stage as they have 
been detrimental to the project performance. 
Based on the research findings, Supply Chain Management has the potential to 
facilitate delay reduction in Malaysian public sector building projects. It enables 
project participants at all levels to blend in together towards creating a more healthy 
working environment where elements of respect and trust are nurtured, knowledge 
and experience are shared and higher transparency is in place, which consequently 
leads to a more productive and efficient project outcome (i.e. timely completion). 
The government should therefore implement SCM on all aspects of pre-construction 
activities with particular focus placed on problems to do with practices in projects. 
Results show that interactions between various project parties have been the most 
affected area which calls for more teamwork and integration to take place. All 
parties, including the “on-ground people” or the “implementer groups” should be 
brought in as early as possible in projects to enable infusion of knowledge, 
experience and ideas towards identifying and establishing important project 
information and details before the actual execution of the project takes place at site. 
Results further suggests that collaborative effort plays the biggest role in ensuring 
proper commitment takes place and are achievable through the adoption of vast joint 
initiatives available within SCM. In fact, it was found that “joint efforts” could 
possibly be the solution for approximately 75% of the delay predicaments, thus 
further signifying the impact of team spirit over project performance. This approach 
enables better execution of many previously inefficient facets within public sector 
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projects, including aspects of documentation and decision making. The most 
important aspect however was to first ensure that everyone shares the same direction 
in projects and is not hiding other conflicting objectives as well as establishing the 
right team composition, to ensure the proper execution of planned team venture.  
Another particular important discovery concerned the concept of pathogens. 
Findings showed that the concept of a pathogen was not only well suited to delay 
studies, but it also created a more systematic delay identification approach which 
better suited the systemic view well promoted via SCM. It also made delays more 
manageable as many of the factors that are rooted to the same source were gathered 
into distinctive latent constructs. Therefore, in the context of this research, it may 
have been hard to tackle all 42 initially identified main delay factors, but once they 
were grouped into only six pathogens and 19 sub-categories, the delay contributors 
looked more precise and clear. This approach also enables solutions to be aimed 
directly at the source of deficiencies, thus automatically treating the future 
occurrence of problems of a similar nature. It was also evident that the pathogen 
concept enabled this research to penetrate into many aspects of public sector project 
system deficiencies that were not identifiable by merely looking at individual factors. 
This was because factors do not necessarily need to have inter-connections with each 
other to be rooted to the same pathogen. On top of that, the “blame-game” was also 
automatically eliminated as pathogens were focused on problems in the project 
system and structural qualities, and was very general thus problems that needed 
attention were more of configuration and issues surrounding working cultures. 
Another predominantly noticeable quality of this advance was that it provided a 
broader picture on areas of concern beneath deficiencies that have occurred, which, 
in the case of this research, were issues relating to “practices”; therefore the 
Malaysian government could place extra attention on those areas towards effectively 
reducing delays. 
In overall, the prospect of SCM as a potential saviour for the delay dilemma in 
the Malaysian public sector project looks promising. Wide range of tools that are 
available within the philosophy could cater for different aspects of project 
deficiencies. The concept of pathogen better facilitates SCM application as both view 
the project environment using similar perspectives (i.e. systemic view) thus solutions 
could be better suited and coordinated. In the Malaysian context, it is necessary for 
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the government to initiate implementations towards revolutionizing current practices 
and shift away from the inefficient conventional working traditions. Besides, 
adaptation and uptake of SCM tools would require change to current procedures and 
strategies, which places the government, as the policy makers, in the best position to 
do so. On top of that, the current mind-set and working culture within the public 
sector project governance also requires a re-invigoration especially in term of 
extending partnerships on the lower tiers of their project supply chain thus, the 
government, being among the biggest clients of the sector, could highly influence 
other practitioners in term of their receptiveness to the new way of undertaking 
projects.     
 
9.4 RESEARCH OBJECTIVES REVISIT 
The present research ultimately aimed at developing a framework which would 
present a range of SCM tools beneficial for reducing delays in Malaysian public 
sector building projects. Through in-depth literature reviews, questionnaire surveys 
and a series of semi-structured interviews, this research has managed to achieve all 
of the research objectives.  
 
9.4.1 Objective 1: To establish the nature of delays in Malaysian public sector 
construction projects, rank the causes and identify their main causes.    
Towards developing the framework, this research has started by first 
identifying the main delay contributors for the delays in Malaysian public sector 
building projects. A series of preliminary semi-structured interviews had initially 
been conducted on industry experts on the way to supplementing literature reviews 
and forming a comprehensive questionnaire form. Surveys were then conducted 
which resulted in 111 completed responses which yielded a 29.52% response rate. 
Consequently, through a number of sophisticated statistical analysis tools combined 
with another series of semi-structured interviews to sort out factors which had 
significant differences in mean, this research has established 42 main delay factors 
thus achieving objective number 1. 
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9.4.2 Objective 2: To group the main delay causes in the Malaysian public 
sector construction projects into pathogens and sub-categories of 
pathogens. 
Factor analysis was first conducted on the 42 main delay factors in the aim of 
grouping them into pathogens and sub-categories of pathogens. All possible rotation 
and extraction methods were attempted, none of which resulted in an appropriate 
result. Therefore, this research proceeded to performing a self-grouping using Busby 
& Hughes’ (2004) study on pathogens of error as the main reference. The groupings 
were then taken through a series of semi-structured interviews before they were 
validated, thus achieving objective number 2. 
 
9.4.3 Objective 3: To identify beneficial SCM tools and develop a framework 
utilizing these tools to reduce delays in Malaysian public sector 
construction projects. 
For this purpose, a series of semi-structured interviews were undertaken to get 
respondents to propose beneficial SCM tools for the mitigation / reduction of each 
pathogen and the sub-categories of pathogens of delay. For this purpose, a list of 
SCM tools from literature reviews was presented and respondents were also 
encouraged to suggest others that they had came across or experienced before. 
Interview results were then analysed and the most beneficial SCM tools were 
established for each pathogen and sub-categories of pathogens thus forming the 
initial framework. This framework was then taken through another series of semi-
structured interviews whereby they were validated, consequently achieving objective 
number 3. 
 
9.5 RESEARCH LIMITATIONS 
During the course of this research, a number of limitations were faced and the 
biggest one was the identification of populations involved in the projects under 
investigation. Due to security and reputation concerns, only the lists of contractors 
were obtainable from the PWD project Monitoring Unit, while other populations 
were not identifiable, thus this research was forced to adopt snowball sampling. As a 
result, this study does not know how far the populations have reached or to what 
extent relevant projects have been covered. Measures were therefore taken to 
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minimize this limitation by contacting known industry players from the researcher’s 
past working experience. These contacts combined with the list provided by the 
Project Monitoring Unit were first approached / contacted for the development of 
“first link” respondents. Through them, further recommendations were obtained and 
respondents were accumulated over 7 links (for questionnaire) and 4 links (for 
interviews) to maximize responses and to cover as many projects as possible.  
Limitation also occurred in identifying delay pathogens due to limited past 
studies. The concept of pathogen was rather new and has not been covered much in 
literature. Despite three past studies applying the concept in construction (e.g. 
Reason, 1990; Busby & Hughes, 2004; Love et al., 2008), none of them focused on 
delays and only Busby & Hughes’ (2004) work covered both pathogen and sub-
categories of pathogens. Therefore, to make up for this limitation, Busby & Hughes’ 
(2004) work was used as the main reference and guide for grouping the main delay 
factors and was combined with self-justifications should any factor not fit into any of 
the pathogen / sub-categories from their paper. Consequently, semi-structured 
interviews were conducted as a means of validating the groupings that were 
performed.   
Another limitation was that this research only covered aspects of the delayed 
Ninth Malaysia Plan building projects within the value of RM 20 million to RM 50 
million, and that were undertaken only in Peninsular Malaysia. Therefore, delay 
contributors, pathogens and SCM tools identified in this research may not exactly 
apply to projects of other natures, value or from other countries. While it could 
provide a picture of the problems associated with delayed projects and SCM 
solutions that could assist with their improvement / mitigations, further exploration 
into projects of different ranges could provide a broader representation of the 
construction industry. Similarly, delay factors also only focused on issues in the pre-
construction stage that lead to delay on the whole project. Further research into 
aspects of post-construction would be needed to obtain a more complete perspective 
of the problems for the above-mentioned Ninth Malaysia plan building projects, as 
well as SCM tools suitable for reduction / mitigation. 
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9.6 AREAS FOR FURTHER RESEARCH 
The proposed framework targeted delays in Malaysian public sector building 
projects. However, the scope involved in this research could be extended to projects 
of different value, nature, and locality and even at different phases. Additionally, 
private sectors may also have different experiences which are worthy of being 
explored. Information from all these studies could then further extend the picture of 
the industry’s delay dilemma; other beneficial SCM tools may also surface, 
consequently the current framework could be further improved and generalized to fit 
the Malaysian construction industry.  
Other than that, it would also be valuable for a similar study to be conducted 
and validated in other developing countries since differences in aspects such as 
locality, culture, economic, political views and policies could result in different 
outcomes. Further to that, comparisons could also be made between those nations 
and Malaysia to look for patterns of similarity and disparities. Similar efforts could 
also take place to extend the adoption of SCM tools for resolving other deficiencies 
that are commonly associated with developing nations including Malaysia, such as 
poor quality, cost overrun and so on. Information from all this research could further 
improve the body of knowledge in relation to construction supply chain 
management. 
Additionally, findings also indicated that a strong emphasis was made on 
teamwork and collaborative efforts as enablers for delay mitigation. In fact, the 
research framework was flooded with SCM tools of those initiatives. However, the 
framework only outlined the beneficial SCM tools applicable for each specific 
problematic area;  it would be great if future research could extend into strategizing 
effective penetration of the initiatives into Malaysian public sector projects. Aspects 
such as the government policies, budget allocations, strategic planning, as well as 
facets of the nation’s economy, could be further considered towards proposing an 
implementation model for the initiatives. 
 
9.7 RESEARCH CONTRIBUTIONS 
This section justifies the contribution of this research towards the body of 
knowledge as well as the construction industry. 
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9.7.1 Contribution to the body of knowledge 
 
1. Improving the current literature in the field of construction project delays 
The research established the main delay factors at pre-construction stages of 
building projects that affect the timely delivery of an overall project. These factors 
were then grouped into pathogens and sub-categories of pathogens which were then 
validated through interviews. Perspectives of all clients, contractors and consultant 
groups were considered in ascertaining these findings, thus producing a 
comprehensive result. Past research has fallen short in studying inefficiencies in pre-
construction activities, which affects proper completion of projects, and for that 
reason, this research finding contributes to the empirical knowledge in delay-related 
research by exploring delay contributors at this specific phase of a project. Further to 
that, this research further enriches delay literature in one particularly lacking area – 
that of the Malaysian public sector projects. Other than that, this research also 
provided a new and more systematic approach to delay studies, by looking at their 
latent constructs, known as pathogens. Rather than focusing on individual issues, this 
approach took a more systemic view which better suited the inter-related nature of 
the construction project environment. This therefore enables delay contributors to be 
seen from a more holistic standpoint and consequently, critical areas could better be 
identified for extra rectification measures to be put in place.  
 
2. Improving the current research in relation to Supply Chain Management 
(SCM)  
This research has developed a framework that utilized beneficial SCM tools to 
reduce or eliminate delays in Malaysian public sector construction projects. Past 
studies have been missing on comprehensive SCM frameworks. While a number of 
models have been proposed, none have properly addressed particular industry 
deficiencies (i.e. delay). The proposed tools were also only for distinctive aspects of 
problems (i.e. communication problems, lack of innovation, etc.) and covered subset 
issues (i.e. rework, error, etc.) while the industry’s dilemma required a systemic 
solution. The development of this research framework therefore contributed to 
empirical studies in relation to SCM through development of a holistic SCM 
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framework that utilized a wide range of SCM tools to solve particular industry 
deficiencies, which in this case referred to the Malaysian public sector projects.  
Through interviews, this research has also established two new SCM tools 
namely the “Joint Policy Review” and “Joint Research and Development Program”, 
which further enhance current literature in relation to SCM tools. While these tools 
were proposed for implementation in the Malaysian public sector building projects, 
these tools are great collaborative initiatives, which could as well be suited for 
application on other aspects of construction. 
  
9.7.2 Contribution to the Construction Industry 
The framework is specifically predicted to benefit the Malaysian government 
by providing a clearer guideline on properly implementing SCM on their projects, 
moving towards better time management. Government plans have often missed on 
revolutionary practices despite targeting to be a world class industry by 2015. Even 
their latest initiative (i.e. Construction Industry Mater Plan 2006 to 2015) has failed 
to share best practices (Hamid & Kamar, 2010). Therefore, the need for proper 
guidelines on adopting modern practices (i.e. SCM) seemed critical and thus the 
framework proposed in this study will facilitate that purpose. It could also provide a 
clearer view on the available SCM tools that could be applied for better time 
performance in their future projects (i.e. other Malaysia Plans) and with the wide-
range of tools specifically linked to particular problematic areas, the government 
would be able to target those critical aspects and impose policies to tackle them 
through SCM. While the framework only targets a specific scope of public sector 
project, it could serve as basis for further research by the PWD Research and 
Development Department for adaptation into other projects of different natures, 
value and locality. Furthermore, with some modifications, the framework could also 
benefit other projects of different value and nature, private sectors, developer 
organizations and even other countries. 
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APPENDIX A – Supply Chain Management 
Tools Implemented at Various Levels 
No. SCM Tools Description 
1 Multiple Delivery 
teams combined 
with a 
coordination team 
This initiative was introduced by British Airways Authorities 
(BAA) to replace traditionally one person managing the whole job 
with teams, for instance the use of multiple “delivery teams” that 
are in charge of separate project scopes and a “coordination team” 
to liaise with the delivery teams (Potts, 2009). 
2 Collaborative 
logistics 
This initiative was proposed by Huang et al. (2001) towards 
promoting pooling of information and resources between 
organizations involved in the project. This effort enables 
teamwork to be more effective. 
3 Joint project 
office 
This joint approach was introduced by (Green & May, 2005; 
Eriksson, 2008; Eriksson & Nilsson, 2008) to achieve better 
communication, integration and Coordination (Pheng & Fang, 
2005). By having a joint project office enables better 
synchronization between parties involved in a project and reduces 
time taken to fulfil tasks. 
4 Independent 
facilitator 
This effort was introduced by (Love et al., 2004; Green & May, 
2005; Eriksson, 2008; Eriksson & Nilsson, 2008). A facilitator 
can be enabler for integration to happen and ensure that the team 
activities and processes are focussing efforts towards the agreed 
common goal. It can also develop mutual vision among team 
members (Love et al., 2002) 
5 Jointly agreed 
goals 
SCM encourages the whole team to mutually agree a set of goals 
(Maqsood et al., 2003). This tool requires all parties to pre-agree 
on goals / objectives that would satisfy everyone so that when 
project starts, efforts can be placed towards achieving them.  
6 Teambuilding This tool introduced by (Green & May, 2005; Eriksson, 2008; 
Eriksson & Nilsson, 2008) is also for achieving better 
communication, coordination, understanding, cooperation and 
joint approach on solving issues. 
7 e-procurement This tool is meant to simplify and computerize ordering process 
(Chow et al., 2007) leading to better information and knowledge 
management, efficient procurement, increased supplied products 
and  increasing coordination with suppliers (Muffato & Payaro, 
2004),  
8 Framework 
Agreements 
This tool was used in the UK National Health Service to 
collaborate with smaller groups of better performing contractors 
in a long term arrangement (NHS, 2009) (adapted from 
Kumaraswamy et al., 2010). In British Airport Authority's 
practice, this agreement involved suppliers, which had a certain 
term (i.e. 5 years) pre-set in the contract and includes incentive 
plans to promote continuous improvements (Potts, 2009). 
Therefore, generally "framework agreement" is a long-term 
collaboration with better performing supply chains to achieve 
long-term productivity and continuously improve practices.    
9 MyVirtual Home 
(MVH) 
“MyVirtual Home (MVH)” provides a platform for customers, 
suppliers, workers and consultants to coordinate communicate 
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and share knowledge in an ICT environment towards making the 
best product acquisition decisions (Cheung & Rowlinson, 2007). 
This is a network-based approach to coordinating supply chains 
via an ICT hub. 
10 “No Dispute” 
clause 
The "No Dispute Clause" was initially introduced for reinforcing 
trust among members of alliance agreements (Rowlinson & 
Cheung, 2008). It basically aims to demolish the "Blame-game" 
culture rooted within construction industry for so long which is 
evident if past research (i.e. on delay) were to be referred. Mutual 
trust is vital for effective collaboration to happen (Sahay, 2003; 
Lee & Choi, 2003) to create willingness to align, reduce need for 
formal control of participants, and reduce tensions (Rowlinson & 
Cheung, 2008) thus encouraging higher transparency among 
project participants and consequently leading to sharing of 
knowledge, information and ideas.  
11 “Post contract 
partnering-type 
arrangement” 
This tool was introduced as a form of motivation where a possible 
future job becomes the main motivation. “Post contract 
partnering-type arrangement” was introduced by (European 
Construction Institute, 1997; Scott, 2001) and is an effective way 
to manage relationships through offering repeat business thus 
increasing level of commitment, trust, long-term focus, 
innovation, etc.  
12 “Concurrent 
Engineering” 
.“Concurrent engineering” is a technique proposed by a few 
authors to better integrate design and construction and involve the 
contractor as early as possible (Mao & Zhang, 2008; Jorgensen & 
Emmitt, 2009) as customer satisfaction depends not only on the 
outcome but also the process of deriving it, i.e. service quality 
(Maloney, 2002). “Concurrent engineering” results in 
considerable save in construction duration as it promotes higher 
level of teamwork, joint problem solving and provides a clearer 
picture of what the client actually needs (Song et al., 2009). In 
achieving this, selection of a competent contractor is vital. 
Therefore, contracting partner selection should also be focused on 
other soft parameters and not merely on price bid alone (Eriksson 
& Nilsson, 2008).   
13 Dynamic 
Communication 
Environment 
(DyCE) 
This tool can be used to assist in planning activities performed at 
site using automation to converse project-related information and 
thus provide a platform for information sharing towards solving 
issues (Magdic et al., 2004).  
14 Off-site pre-
fabrication 
This tool enables construction component to built off-site (i.e. in 
factory) then brought to site only to be assembled. While cost 
may be higher in the beginning (i.e. constructing moulds), but in 
long-term savings would be evident as many components already 
have moulds and only require production. Other than that, time 
can also be saved at site for example in erecting mould for every 
structure. This tool was previously used in Heathrow Terminal 5 
project which led to 10% to 15% increase in productivity 
(Building Magazine, 2004, p. 40). This tool also improve quality, 
reduce wastes and offers better security for material from theft 
(Potts, 2009). 
15 RIVANS This software was introduced by Kumaraswamy et al. (2010) to 
nurture long-term collaboration. RIVANS is software that enables 
multiple supply chains to engage and collaborate towards 
achieving common shared value and continuously achieve 
improvement. It has the ability to adapt with success factors and 
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barriers across nations as each network can determine what sort of 
value they are targeting. Networks are built between the members, 
which enable value to flow across the system, thus contributing to 
“overall value” on project goals and “value growth” across 
networks. This software is useful for all types of organization, 
whether clients with many ongoing projects, one-off clients or 
even on-off ones and industry-wide applications have also been 
claimed appropriate. While developing RIVANS would require 
certain capacity, should an organisation not have the capability 
they can assemble in RIVANS of a larger company meaning that 
organizations of all level and size could benefit from the software. 
16 Relational 
Contracting 
Relational contracting contributes to conflict reduction, stimulates 
communication, breaks down barriers, future job opportunity, best 
value (Cheung & Rowlinson, 2005), community benefit, win-win 
and innovation (Rowlinson & Cheung, 2002). Some examples of 
relational contracting are partnering and alliancing contracts. 
Relationship management is important for collaboration to happen 
thus; it is usually seen as a longer term marketing tool for 
contractors to build reputation and strive for repeat businesses 
(Cheung & Rowlinson, 2005). 
17 Joint pro-active 
assessment and 
planning 
These are a few risk management responses proposed by (Ritchie 
& Brindley, 2007) which aim at a collaborative approach, to 
approach and overcome risks. While these tools are no doubt 
good for risk assessment, their benefit for other aspects of projects 
and the supply chain cannot be denied. For instance, by 
performing continuous reviews, assessment, planning and sharing 
strategies together, many other project associated deficiencies can 
be overcome and improved through a combination of experience, 
skill, point of views and creativities of team members. Trainings 
can enhance skill and knowledge while performance standards 
could be the driver for performance. Thus, these tools should not 
be restricted for risk management alone.  
18 Regular joint 
reviews 
19 Joint trainings 
and development 
programs 
20 Agreed 
performance 
standards 
21 Joint strategies 
22 Joint Risk 
Management 
(JRM) 
This tool benefits the collaborative approach in managing project 
risks. Good relationship is in fact an “enabler of risk mitigation” 
(Faisal et al., 2006). This is an improvement to the conventional 
risk management which missed the benefit of teamwork in being 
more efficient. Few success cases have been experienced with this 
tool: - the T5 project in the UK (Potts, 2009) which saved three 
months (National Audit Office, 2005) and M41 programme in the 
UK (Kumaraswamy et al., 2004). 
23 Quality circles This tool was proposed by Salem et al. (2006) to foster 
knowledge and experience sharing towards solving serious issues. 
Knowledge sharing and joint learning involving of multiple trades 
and discipline is essential (Jorgensen & Emmitt, 2009) however 
due to limited appropriate techniques, it has rarely happened 
(Styhre et al., 2004). According to Salem et al. (2006), this tool 
also enables staffs to brainstorm for critical work related problem 
solving. 
24 "Value for 
money” selection 
rating 
Both of these tools were proposed by Kumaraswamy et al. (2000) 
as a pre-qualification score technique with different measures 
used to make decisions. 
25 "Transparency” 
selection rating  
26 Scheduled This tool was used by Slaugh Estate to encourage knowledge 
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“product 
development 
meeting” 
sharing, identify reason for inefficiency, innovation, 
constructability, safety, eliminate defects, etc. (Rimmer, 2009). 
By involving the "on-ground-people" usually the specialist sub-
contractors, innovative ideas could occur and improvement on 
current practices can be made possible. Incentives can be 
introduced to further encourage involvement. 
27 Workshops Workshops could foster learning culture through dialogue 
between team members (Love et al., 2002) thus different 
knowledge and experience owned by each team member could be 
shared and utilized for everyone to benefit as well as to achieve 
projects goals.  
28 Champion/driving 
personalities 
This tool represents a change from the conventional "boss-like" 
leadership to a more "leader-like" leadership. One big difference 
between a boss and a leader is that a boss only instructs while 
leaders drive the team. Champion/driving personalities could 
change mind-set and way of working as well as generate 
innovative ideas (Kumarsawamy et al., 2007), stimulate open 
communication, increase level of cooperation and a brainstorming 
approach to problem solving (Cheung & Rowlinson, 2005). 
29 Interface 
Managers 
 This tool was introduced (Cigolini et al., 2004) as term to replace 
the "functional or unit managers" in the buying-selling process. It 
aims to improve the process by involving communication and 
coordination between all departments involved in the process to 
share information, continuously cooperate, and improve processes 
thus maximizing the potential of whole supply chain. While the 
tool did not specifically concern construction, the "buying-
selling" process does happen in construction as well especially 
when involving material supply. Thus, this tool may to an extent 
benefit construction projects. 
30 Pre-qualification 
using “Team 
Criteria” scores 
This pre-qualification technique was proposed for effective 
project team selection which approaches evaluations from a 
consortium perspective (a team of companies) rather than 
individual companies using average technical, relational and 
sustainsivity scores (Kumaraswamy et al., 2007). Proper project 
team selection has proven beneficial in past application (e.g. 
Potts, 2009). Selecting a "team" rather than "individual" 
organization ensures better chance for collaboration as 
"relational" aspects are weighted as well. Better cooperation 
among project team would benefit in terms of having long-term 
mind set and higher focus of team towards sustainability issues 
(Kumaraswamy et al., 2006). 
31 Pre-qualification 
rating 
This pre-qualification technique was proposed by Kumaraswamy 
et al. (2000). Organizations are evaluated based on pre-set criteria 
depending on the stakeholder's priorities. 
32 Performance-
based contracting 
A pre-qualification score technique proposed for effective project 
team selection to promote a win-win set up. Kumaraswamy et al. 
(2000). Performance-based contracting has been defined by 
Martin (1999, p. 8) as “focuses on the outputs, quality and 
outcomes of service provision and may tie at least a portion of a 
contractor’s payment as well as any contract extension or 
renewal to their achievement”. The measure of performance or 
combination of it can vary depending on clients’ requirements. 
This type of contracting ties the contractors’ payment or 
compensation to their performance thus it can influence their 
action and behaviour on projects to keep their focus and priority 
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on delivering.  
33 “Relational 
Index” 
measurement 
This tool was previously developed by Cheung et al. (2006) to 
measure “degree of relationalism” of the team. The tool was 
developed for measuring relational contracts, but with 
modification of the factors measured it could be made applicable 
to measure the team relationalism level in other project types.  
34 Performance 
rating system 
Some UK clients and contractors also used “performance rating 
system” to assist supplier selection (Pearson, 1999). The measure 
of performance can however differ depending on priorities of 
stakeholders 
35 Early 
involvement of all 
supply chain 
Early involvement of all the supply chain enables their early 
input, idea and experience during the design and drawing 
preparation for benefit of the whole project. In conventional 
practice, the contractor and supplier are almost never involved 
during pre-construction stages. This tool has been used by some 
UK clients and contractors (Pearson, 1999) and has also benefited 
private projects in terms of improved design, cost saving and 
timely completion (Kumaraswamy et al., 2004) 
36 Sustainability 
Key Performance 
Indicators (sKPI) 
This tool was proposed (Ugwu et al., 2006). It's an improved 
version of the older KPI to measure sustainability aspects for 
continuous improvement on projects in longer term. 
37 Reducing 
Supplier Base 
Supplier management is very important as it affects the 
performance of the whole supply chain (Sarkar & Mohapatra, 
2006) and it also saves time on efforts of assessing and rejecting 
bids (Pickering, 2007). Reducing supplier base is a tool initiated 
by few UK clients and contractors (Pearson, 1999) to select only 
performing suppliers’ thus bigger work packages could be 
allocated to each of them. This not only improves timely delivery 
of material but also allows better price negotiations as bigger 
work package offer higher “total profit” despite smaller in 
percentage. This tool is also known as “collaborative sourcing” or 
“partnership sourcing” by Bechtel and Patterson (1997) and 
Parker & Hartley (1997). Sarkar & Mohapatra (2006) also 
proposed another supplier base reduction technique called 
"capability performance matrix" towards identifying strong and 
weak points of each supplier as well as judging their relational 
factor. This means that many programs can be set-up to perform 
this supplier base reduction depending on organisations' priorities. 
38 Radio frequency 
identification 
technology 
Among Information Technology (IT) to facilitate effective flow 
of information. (Wang et al., 2007) 
39 Mobile devices 
40 Web portals 
41 Building 
Information 
Modelling” 
(BIM)  
“Building Information Modelling” (BIM)combines 3D, real-time, 
smart and lively models hence facilitating proper information 
sharing, application and update transparently and in a coordinated 
manner thus achieving higher level of coordination and 
collaboration (Holness, 2008) as well as saving construction time 
(Gu et al, 2007). This tool utilizes the concept of knowledge and 
resource sharing to assist decision making of a project throughout 
the project life-cycle (conception to demolition) (National 
Institute of Building Science, buildingSMART alliance, 2012). 
Campbell (2007) and provided a preliminary list of BIM functions 
which include – “Design Visualisation” , “Design assistance and 
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constructability review”, “Site Planning and Site utilisation”, 
“Scheduling and Sequencing (4D)”, “Cost Estimating (5D)”, 
“Integration of Subcontractors and supplier models”, “Systems 
coordination”, “Layout and fieldwork”, “Prefabrication”, 
“Operations and Maintenance (including as-built records)”.  
42 Automated 
Construction 
Activity Tracking 
System (4D-
ACT) 
“Automated Construction Activity Tracking System (4D-ACT)”  
is a program that helps project parties to detect if there are 
changes between the built elements and the ones earlier planned 
(Rebolj et al., 2008) through a 4D model which combines 
different types of information (Chau et al., 2004)  
43 Automated 
Material Tracking 
“Automated Material Tracking” could either be used on its own 
or combined with the 4D-ACT (Rebolj et al., 2008). This program 
aims at replacing the manual data collection at site to ensure 
timelier, higher quality and better material flow. 
44 Last planner 
system  
The last planner system improves work planning and control 
(Winch, 2006) through presentation of weekly work plans, 
identification of underlying causes of failures and development of 
action plans to avoid repetition of the same problem (Eriksson, 
2010). This could be achieved if each party takes control of their 
own task throughout the whole process (Salem et al., 2006) and 
the establishment of explicit project milestones ensures that 
participants feel more involved in the project (Salem et al., 2006).  
45 CALIBRE” 
software system  
“CALIBRE” which was “an innovative performance monitoring 
software” system was used by BAA to observe any interval 
required (i.e. daily, monly, etc.) hours spent on value adding and 
non value adding activities at site  as well as benchmark them for 
future improvement (Potts, 2009, p. 166). 
46 Benchmarking In order to achieve continuous improvement, benchmarks need to 
be set for continuous monitoring of performance of each supply 
chain and the project itself against pre-set targets (Salem et al., 
2006) to ensure progress is not stagnant or declining for possible 
action plans to be put in place (Freire & Alaco´n, 2002).  
47 Total Quality 
Management 
(TQM) 
“TQM is a way of thinking about goals, organizations, processes, 
and people to ensure that the right things are done right the first 
time” (Pheng & Teo, 2004, p. 8) and it is a continuous process 
(Burati & Oswald, 1993).towards being more competitive, 
effective and flexible (Oakland, 1995). It requires all related 
activities to be noticed and observed to search for room for 
improvements. However, behavioural and cultural change is 
essential if the industry wants to benefit from it (Love et al., 
2000) 
48 Value 
Management 
(VM) 
This tool was recommended as a "process improvement tool" to 
enable sustained competitive edge, ability to exploit both existing 
and emerging technologies by Cheng et al. (2001). VM is used to 
evaluate and strategize towards achieving aspects most important 
for clients, which are carried out through series of workshops, 
meetings and interviews (Constructing Excellence, 2004).  
According to the Australian Standard, Value Management AS 
4183 is defined as "a structured and analytical process in which a 
defined Work Plan is followed to improve value and, where 
appropriate, value for money in products, processes, services, 
organisations and systems. The process may be applied to 
management decision making at any level of an organisation and 
is equally appropriate for public and private sector applications” 
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(refer http://www.gvm.net.au/value_management.htm, para. 8-
9). VM therefore enables identification of a best solution to 
projects through teamwork, knowledge sharing between members 
(i.e. in workshops), encourage innovative ideas (i.e. through 
brainstorming) and to focus strictly on achieving what best 
"value-for-money" really means from the stakeholders’ point-of-
view.  
49 Re-engineering This tool enables older practices, to be re-thought and redesigned 
to achieve dramatic improvements. This tool was used in Slough 
Estate in the 1990's on re-examining and improving some 
wasteful construction methods (Potts, 1999). 
50 Continuous 
trainings 
Continuous training is recommended by Clark & Wall (1998) to 
improve participant flexibility, trust and pride of the participants 
(Cheng et al., 2001). The team member needs to have continuous 
increase in knowledge, skills and creativity towards performing 
better and this tool can facilitate that. 
51 Staff 
development  
Staff development would ensure workers are equipped with up-to-
date skills, technology and knowledge (McCreadie & Rice, 1999).  
52 Training and 
development 
policies 
Training and development programs are important for continuous 
improvement of employee and staff members. Thus, enforcement 
of “training and development policies” in the team agenda (Cheng 
et al., 2001) would allow these initiatives to be sustained towards 
responding to new needs from time to time.  
53 Performance-
based incentive 
This tool was used in T5 agreement to encourage on-time project 
delivery (Douglas, 2005). This form of motivational tool uses 
performance measures for giving out incentives. 
54 Profit sharing 
arrangements 
Fair reward and incentive system encourages continuous 
cooperative relationships by promoting better trust and 
cooperation among supply chain entities (Khalfan et al., 2007). 
As such, Eriksson & Pesa¨maa (2007) recommended “Incentive-
based compensation” and risk sharing/profit sharing deals to 
ensure higher level of commitment towards the same project 
objectives. Sharing of responsibilities also ensures better 
collaboration (Spekman et al., 1998). In fact better performance 
levels would emerge when risks are fairly distributed (Hammer & 
Champy, 1994; Nesan & Holt, 1999). “Profit sharing” can also 
foster long-term performance and continuous improvement 
(Poirier & Reiter, 1996) 
55 Risk sharing 
arrangements 
56 Incentive-based 
compensation  
  
 239 
APPENDIX B – Delay Factors Used for 
Survey 
No. Delay Factors (Rephrased) 
Odeh & 
Battaineh 
(2002) 
Assaf 
& Al-
Hejji 
(2006) 
Faridi & 
El-
Sayegh 
(2006) 
Sambasive
n & Soon 
(2007) 
Sweis 
et al. 
(2008) 
Al-
Kharashi 
& 
Skitmore 
(2009) 
1 Project planning             
2 Project activity duration and resources estimation             
3 Frequency of progress review             
4 
Availability of construction project management group for 
the project 
            
5 User involvement in planning stage From preliminary interviews (expert opinion) 
6 Project brief consistency throughout project From preliminary interviews (expert opinion) 
7 Allowance for employees' holiday in project schedule             
8 Personal turnover             
9 Project team selection From preliminary interviews (expert opinion) 
10 
Communication between owner and government    
authorities 
            
11 Communication between owner and project team             
12 Communication between consultant and project team             
13 
Frequency of communication within the whole project 
team 
            
14 Coordination between owner and the project team             
15 
Coordination between owner and government authorities 
during planning 
            
16 Coordination between consultant and project team             
17 Frequency of coordination within the whole project team             
18 Project cash flow management             
19 Staff salary payment schedule             
20 Financial capability             
21 Efficiency in decision making             
22 Time consumed on issuing change order by client             
23 Owners' cooperation             
24 Owners' personality             
25 Client's personality and character From preliminary interviews (expert opinion) 
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26 Consultant's personality and character             
27 Public work Department's belief From preliminary interviews (expert opinion) 
28 Communication in Government organization From preliminary interviews (expert opinion) 
29 Respect level between project teams From preliminary interviews (expert opinion) 
30 Sense of responsibility between project teams From preliminary interviews (expert opinion) 
31 Bureaucracy within the project team organisation             
32 Bureaucracy in the government organisation From preliminary interviews (expert opinion) 
33 Bureaucracy within the local authority organisation From preliminary interviews (expert opinion) 
34 
Number of decision makers involved in public sector 
projects 
From preliminary interviews (expert opinion) 
35 Political influence and interest in projects From preliminary interviews (expert opinion) 
36 Political interference in projects From preliminary interviews (expert opinion) 
37 Client interference in projects From preliminary interviews (expert opinion) 
38 Procedures on obtaining work permits             
39 Timely to furnish and deliver project site to contractor             
40 Joint-ownership of project             
41 
Process on revise and approve design document by 
owner 
            
42 Negotiation by knowledgeable people             
43 Professional ethics             
44 Work breakdown structure             
45 Frauds             
46 Corruption From preliminary interviews (expert opinion) 
47 Knowledge transfer within government organisation From preliminary interviews (expert opinion) 
48 Frequency of training for new technical government staff From preliminary interviews (expert opinion) 
49 
Sufficiency of government investment in Research and 
Development to improve construction performance and 
processes 
From preliminary interviews (expert opinion) 
50 Timely site mobilisation             
51 Project's Construction / Project manager leadership style             
52 Consultant experience             
53 Project design team experience             
54 Level of qualification of consultant engineer's staff             
55 Number of experienced consultant engineers             
56 Number of experts in government organisation From preliminary interviews (expert opinion) 
57 Competency level of governments' project team From preliminary interviews (expert opinion) 
58 Competency level of local authority technical staff From preliminary interviews (expert opinion) 
59 Competency level of consultants' project team From preliminary interviews (expert opinion) 
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60 Competency level of contractors' project team From preliminary interviews (expert opinion) 
61 Internal company issues             
62 Relationship between consultants and design engineer             
63 Company organization             
64 Flexibility of consultant             
65 
Time consumed to review and approve design documents 
by consultant 
            
66 
Availability of design engineer's choice of special building 
materials 
            
67 Contract Management             
68 Time consumed to prepare drawing             
69 Time consumed to approve drawing             
70 Changes in drawing             
71 Changes in specifications             
72 
Completeness of 
design/drawings/specifications/documents 
            
73 Quality of documentation From preliminary interviews (expert opinion) 
74 Sufficient drawing information             
75 Sufficient specification information             
76 Complexity of project design             
77 Sufficiency of data collection and survey before design             
78 
Design engineers' level of understanding of owners' 
requirements 
            
79 Level of advance engineering design software usage             
80 
Familiarity with local conditions, environment and 
materials 
            
81 Accuracy of design documents             
82 Accuracy of specifications             
83 
Time consumed by consultant engineer to respond to 
contractors enquiries 
            
84 Timely consultant submissions From preliminary interviews (expert opinion) 
85 Time consumed for decision making by consultant From preliminary interviews (expert opinion) 
86 Level of consultant staff's salary             
87 Time consumed to select finishing materials             
88 Consistency in material specifications             
89 Type of project bidding and award             
90 Type of construction contract             
91 Completeness of scope of work definition             
92 
Consistency between bills of quantities, specification and 
drawings 
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93 Major dispute and negotiations             
94 
Appropriateness of overall organizational structure linking 
all parties to the project 
            
95 Well defined project objective From preliminary interviews (expert opinion) 
96 Common project objective From preliminary interviews (expert opinion) 
97 Frequency of meetings             
98 Frequency of regulation changes             
99 Frequency of policy changes From preliminary interviews (expert opinion) 
100 Implementation of the "Bumiputra" quota From preliminary interviews (expert opinion) 
101 Obtaining permit from municipality             
102 Obtaining approval from different government authorities             
103 Building codes             
104 Relationship with neighbours             
105 Effect of social & cultural factor             
106 Effect of locality factors From preliminary interviews (expert opinion) 
107 Number of public holidays From preliminary interviews (expert opinion) 
108 Acquisition of construction material From preliminary interviews (expert opinion) 
109 Multi-racial scenario in Malaysia From preliminary interviews (expert opinion) 
110 Top Management fulfilling promises From preliminary interviews (expert opinion) 
111 Level of consideration for humans' behaviour             
112 Malaysian attitude From preliminary interviews (expert opinion) 
113 Malaysian mentality From preliminary interviews (expert opinion) 
114 Accuracy in estimating productivity             
115 Communication between contractor and the project team             
116 Coordination between contractor and the project team             
117 Work payment timeliness             
118 Interference by owner in the construction operations             
119 Practicality of the original contract duration             
120 Adequacy of original contract duration             
121 Practicality of the original contract requirements             
122 Change orders             
123 
Level of contractors' details and capacity study by client 
before selection 
            
124 Tender selection process             
125 Timely drawing approval             
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126 Timely sample material approval             
127 Fluidity of project work flow             
128 Variations in quantities             
129 Contractor claim payment             
130 Clarity of scope of change             
131 Level of analysis for cause of change by client             
132 Adequacy of contractor experience             
133 Qualification/competency of contractor's technical staff             
134 Frequency of changing of sub-contractors             
135 
Effectiveness of contractors in controlling project work 
progress 
            
136 Contractor's work adequacy             
137 
Conflict with sub-contractor’s schedule in execution of  
work 
            
138 
Conflict between contractor and other parties (consultant 
& owner) 
            
139 Timely of field survey by contractor             
140 
Effectiveness of contractor’s head office involvement in 
project 
            
141 
Quality of technical study by contractor during bidding 
stage 
            
142 Timely preparation of contractors submissions             
143 Contractors overhead load             
144 Number of projects undertaken by contractor             
145 Effectiveness of quality control by contractor             
146 
Efficiency of safety rules and regulations within the 
contractor’s organisation 
            
147 Contractors company organisation involvement             
148 
Technical professionals availability in the contractors 
organization 
            
149 Contractor’s administrative personnel availability             
150 Contractor's internal company condition             
151 Accuracy of tender pricing by contractor From preliminary interviews (expert opinion) 
152 Timely of payment to sub-contractor             
153 Subcontractors work timely completion              
154 Efficiency in site resource allocation control             
155 Contractors' financial condition             
156 Appropriateness of project implementation From preliminary interviews (expert opinion) 
157 Contractors' project planning             
158 Contractors' project scheduling             
159 Variations             
160 Clarity of contractors' staff scope of work             
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161 Issues related to sub-contractor             
162 
Time consumed by consultant to approve major changes 
in scope of work 
            
163 Timely of approving contractors submissions             
164 
Frequency and efficiency in quality 
management/assurance 
            
165 Timely test and inspection             
166 Quality of material             
167 Availability of required construction material             
168 Availability of important construction material From preliminary interviews (expert opinion) 
169 On-time availability of material             
170 Time consumed to manufacture special building materials             
171 Changes in material prices             
172 Timely material procurement             
173 Timely material delivery             
174 Availability of labour             
175 Availability of required labour skill             
176 Dependence on foreign labour From preliminary interviews (expert opinion) 
177 Consistency of labour cost From preliminary interviews (expert opinion) 
178 Workforce qualification             
179 Labours' productivity level             
180 Labours' skill level             
181 Nationality of labour             
182 Personal conflict among labour             
183 Availability of required plant/equipment/tools             
184 Equipment condition             
185 Availability of high-technology mechanical equipment             
186 Skill level of equipment operator             
187 Productivity and efficiency of equipment             
188 Adequacy of equipment used for the work             
189 Accuracy of equipment allocation             
190 Clarity of definition of substantial completion             
191 Consistency between contract documents             
192 Quality of contract document             
193 Contract Modifications             
194 Effectiveness of delay penalties             
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195 Relationship between project team             
196 Allocation of incentive for early completion by contractor             
197 Process of obtaining transportation permit             
198 
Timely on providing services from utilities (water, 
electricity) 
            
199 Weather condition             
200 Unforseen site/ground condition             
201 Subsurface soil condition             
202 Availability of utilities in site (water, electricity, etc.)             
203 Traffic control & restriction at job site             
204 Accident during construction             
205 Differing site (ground) condition             
206 Number of contractors in the market             
207 Personnel turn-over cost             
208 Fairness of contract term and conditions From preliminary interviews (expert opinion) 
209 "Ali Baba" practice by contractor From preliminary interviews (expert opinion) 
210 "Baba Ali" practice by contractor From preliminary interviews (expert opinion) 
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APPENDIX C – Preliminary Interview Results 
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APPENDIX D – Questionnaire Survey Form 
 
 
 
 
 
Survey on:  
 
 
FACTORS / PROBLEMS AT PRE-CONSTRUCTION STAGE 
THAT LEADS TO DELAY TO THE WHOLE PROJECT 
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STUDENT ID   : N 7398697 
CONTACT NO.  : +6017 5440068 
E-MAIL   : salman.mehdiriazi@student.qut.edu.au 
 
 
PRINCIPAL SUPERVISOR 
NAME  : FIONA CHEUNG 
E-MAIL   : fiona.cheung@qut.edu.au   
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GENERAL INFORMATION 
This survey is part of a Ph.D. research which is funded by the University Sains 
Malaysia under the Department of Construction Management, School of Housing, 
Building & Planning and also the Ministry of Higher Education, Malaysia. This 
research aims at improving public sector project time performance by developing a 
framework that utilizes Supply Chain Management (SCM) tools to reduce delays in 
Malaysian public sector building projects. This research is expected to provide a 
guide for project participants towards strategizing delay reduction through SCM. 
However, before any beneficial SCM tools could be proposed, this research needs to 
first rank and identify the main delay causes.  
This survey focuses on problems / factors in the pre-construction stage that leads to 
delay to the whole project. Additional focus is also made for delayed building 
projects carried out within peninsular Malaysia only, under the 9
th
 Malaysia Plan 
(RMK9), which covered years 2006 to 2010 with the value of RM20 million to 
RM50million. This survey should only be answered by practicing professionals 
(clients, Grade A / G7 contractors, suppliers and consultants) who were involved in 
projects in accordance to the above described scopes. Responds provided should be 
based on your actual experiences. 
I would like to appeal for your assistance and cooperation to respond on this 
questionnaire for the proper completion of my Ph.D. research. All information 
provided will be used ONLY for research purpose, treated with STRICT 
CONFIDENTIALITY and will remain ANONYMOUS when transcribed. Your 
cooperation and valuable contribution is much appreciated. 
 
SECTION 1: RESPONDENTS DETAILS 
This section (Question 1 to 4) requires information relating to your personal and 
organizational background. Please fill in and tick (√) at the appropriate spaces. 
1. What is your position in the current organization? ______________________ 
2. What is the nature of your current organization? 
Public Works Department (PWD)  Quantity Surveyor firm  
Client (Public Sector)  Construction Firm  
Civil Engineer firm  Mechanical & Electrical firm  
Architecture firm  Construction supplier  
Sub-contractor firm  Others (please specify)________  
 
3. What is the grade of your current organization (ONLY for contractors)? 
 
 
 
 
 
Grade A  
Grade G7  
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4. How long have you been involved in construction industry? 
Less than five (5) years  Fifteen (15) to twenty (20) years  
Five (5) to ten (10) years  Twenty (20) to twenty five (25) 
years 
 
Ten (10) to fifteen (15) years  More than twenty five (25) years  
 
SECTION 2: PROJECT INVOLVEMENT DETAILS 
This section (question 5 to 9) requires information relating to your projects 
involvement. 
5. How many projects were you involved in?  
Less than three (3) projects  Nine (9) to twelve (12) projects  
Three (3) to six (6) projects  Twelve (12) to fifteen (15) projects  
Six (6) to nine (9) projects  More than fifteen (15) projects   
 
6. In average, how long was the duration of the projects?  
Less than six (6) months  Nineteen (19) to twenty four (24) 
months 
 
Six (6) to twelve (12) months  Twenty four (24) to thirty (30) months   
Thirteen (13) to Eighteen (18) 
months 
 More than thirty (30) months   
 
7. What procurement route was adopted for most of the projects? 
Open Tender  Partnering  
Selective Tender (Pre-Qualified)  Management Contract  
Design and Build  Others, please specify ___________  
 
8. In average, how was the time performance of the projects you were involved 
in? (Please tick (√) only at one of the below boxes. 
(Note: 1 = Very bad; 2 = Bad; 3 = Fair; 4 = Good; 5 = Very good)  
1 2 3 4 5 
     
 
9. Question no. 8 refers. If the time performance rating was “Bad” or “Very bad”, 
how long was the delay on average? 
Less than 10% extra time from the 
original contract period  
 31% to 40% extra time from the 
original contract period 
 
11% to 20% extra time from the 
original contract period 
 41% to 50% extra time from the 
original contract period 
 
21% to 30% extra time from the 
original contract period 
 More than 50% extra time from the 
original contract period 
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SECTION 3: SEVERITY IMPACT OF EACH FACTOR 
TOWARDS CAUSING PROJECT DELAY 
This section aims at ranking the factors and identifying the main causes of delay in 
accordance to the scope previously mentioned in “General Information” section. You 
are required to decide on the extent of each factor leads to delay. Please tick (√) at 
the appropriate boxes based on the following scales: -   1 = Very low; 2 = Low; 3 = 
Average; 4 = High; 5 = Very high. On the other hand, if any of the factors were 
considered not applicable to the scope of this research, please tick (√) in the box 
labelled as “N/A” (Not Applicable). Answers in this section should be based on your 
experience and in accordance to details provided in question 5 to 9.  
 
 
No Factors Causing Delay 
Extent Each Factor Leads 
to Project Delay 
1 2 3 4 5 N/A 
1 Project planning             
2 Project activity duration and resources estimation             
3 Frequency of progress review             
4 
Availability of construction project management group 
for the project 
            
5 User involvement in planning stage             
6 Project brief consistency throughout project             
7 Allowance for employees' holiday in project schedule             
8 Personal turnover             
9 Project team selection             
10 
Communication between owner and government    
authorities 
            
11 Communication between owner and project team             
12 Communication between consultant and project team             
13 
Frequency of communication within the whole project 
team 
            
14 
Coordination between owner and government authorities 
during planning 
            
15 Coordination between consultant and project team 
      
16 Frequency of coordination within the whole project team             
17 Project cash flow management             
18 Staff salary payment schedule             
19 Financial capability             
20 Efficiency in decision making             
21 Time consumed on issuing change order by client             
22 Owners' cooperation             
23 Owners' personality 
      
24 Client's personality and character 
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No Factors Causing Delay 
Extent Each Factor Leads 
to Project Delay 
1 2 3 4 5 N/A 
25 Consultant's personality and character             
26 Public work Department's belief             
27 Communication in Government organization             
28 Respect level between project teams             
29 Sense of responsibility between project teams             
30 Bureaucracy within the project team organisation             
31 Bureaucracy in the government organisation             
32 Bureaucracy within the local authority organisation             
33 
Number of decision makers involved in public sector 
projects 
            
34 Political influence and interest in projects             
35 Political interference in projects             
36 Client interference in projects             
37 Procedures on obtaining work permits             
38 Timely to furnish and deliver project site to contractor             
39 Joint-ownership of project             
40 
Process on revise and approve design document by 
owner 
            
41 Negotiation by knowledgeable people             
42 Professional ethics             
43 Work breakdown structure             
44 Frauds             
45 Corruption             
46 Knowledge transfer within government organisation             
47 Frequency of training for new technical government staff             
48 
Sufficiency of government investment in Research and 
Development to improve construction performance and 
processes 
            
49 Timely site mobilisation             
50 Project's Construction / Project manager leadership style 
      
51 Consultant experience 
      
52 Project design team experience 
      
53 Level of qualification of consultant engineer's staff 
      
54 Number of experienced consultant engineers 
      
55 Number of experts in government organisation 
      
56 Competency level of governments' project team 
      
57 Competency level of local authority technical staff 
      
58 Competency level of consultants' project team 
      
59 Competency level of contractors' project team 
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No Factors Causing Delay 
Extent Each Factor Leads 
to Project Delay 
1 2 3 4 5 N/A 
60 Internal company issues             
61 Relationship between consultants and design engineer             
62 Company organization             
63 Flexibility of consultant             
64 
Time consumed to review and approve design documents 
by consultant 
            
65 
Availability of design engineer's choice of special 
building materials 
            
66 Contract Management             
67 Time consumed to prepare drawing             
68 Time consumed to approve drawing             
69 Changes in drawing             
70 Changes in specifications             
71 
Completeness of 
design/drawings/specifications/documents 
            
72 Quality of documentation             
73 Sufficient drawing information             
74 Sufficient specification information             
75 Complexity of project design             
76 Sufficiency of data collection and survey before design             
77 
Design engineers' level of understanding of owners' 
requirements 
            
78 Level of advance engineering design software usage             
79 
Familiarity with local conditions, environment and 
materials 
            
80 Accuracy of design documents             
81 Accuracy of specifications             
82 
Time consumed by consultant engineer to respond to 
contractors enquiries 
            
83 Timely consultant submissions 
      
84 Time consumed for decision making by consultant 
      
85 Level of consultant staff's salary 
      
86 Time consumed to select finishing materials 
      
87 Consistency in material specifications 
      
88 Type of project bidding and award 
      
89 Type of construction contract 
      
90 Completeness of scope of work definition 
      
91 
Consistency between bills of quantities, specification and 
drawings       
92 
Major dispute and negotiations 
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No Factors Causing Delay 
Extent Each Factor Leads 
to Project Delay 
1 2 3 4 5 N/A 
93 
Appropriateness of overall organizational structure 
linking all parties to the project 
            
94 Well defined project objective             
95 Common project objective             
96 Frequency of meetings             
97 Frequency of regulation changes             
98 Frequency of policy changes             
99 Implementation of the "Bumiputra" quota             
100 Obtaining permit from municipality             
101 
Obtaining approval from different government 
authorities 
            
102 Building codes             
103 Relationship with neighbours             
104 Effect of social & cultural factor             
105 Effect of locality factors             
106 Number of public holidays             
107 Acquisition of construction material             
108 Multi-racial scenario in Malaysia             
109 Top Management fulfilling promises             
110 Level of consideration for humans' behaviour             
111 Malaysian attitude             
112 Malaysian mentality             
113 Accuracy in estimating productivity             
114 Communication between contractor and the project team             
115 Coordination between owner and the project team             
116 Coordination between contractor and the project team             
117 Work payment timeliness             
118 Interference by owner in the construction operations             
119 Practicality of the original contract duration 
      
120 Adequacy of original contract duration 
      
121 Practicality of the original contract requirements 
      
122 Change orders 
      
123 
Level of contractors' details and capacity study by client 
before selection       
124 Tender selection process 
      
125 Timely drawing approval 
      
126 Timely sample material approval             
127 Fluidity of project work flow             
128 Variations in quantities             
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No Factors Causing Delay 
Extent Each Factor Leads 
to Project Delay 
1 2 3 4 5 N/A 
129 Contractor claim payment             
130 Clarity of scope of change             
131 Level of analysis for cause of change by client             
132 Adequacy of contractor experience             
133 Qualification/competency of contractor's technical staff             
134 Frequency of changing of sub-contractors             
135 
Effectiveness of contractors in controlling project work 
progress 
            
136 Contractor's work adequacy             
137 
Conflict with sub-contractor’s schedule in execution of  
work 
            
138 
Conflict between contractor and other parties (consultant 
& owner) 
            
139 Timely of field survey by contractor             
140 
Effectiveness of contractor’s head office involvement in 
project 
            
141 
Quality of technical study by contractor during bidding 
stage 
            
142 Timely preparation of contractors submissions             
143 Contractors overhead load             
144 Number of projects undertaken by contractor             
145 Effectiveness of quality control by contractor             
146 
Efficiency of safety rules and regulations within the 
contractor’s organisation 
            
147 Contractors company organisation involvement             
148 
Technical professionals availability in the contractors 
organization 
            
149 Contractor’s administrative personnel availability             
150 Contractor's internal company condition             
151 Accuracy of tender pricing by contractor 
      
152 Timely of payment to sub-contractor 
      
153 Subcontractors work timely completion  
      
154 Efficiency in site resource allocation control 
      
155 Contractors' financial condition 
      
156 Appropriateness of project implementation 
      
157 Contractors' project planning 
      
158 Contractors' project scheduling 
      
159 Variations 
      
160 Clarity of contractors' staff scope of work 
      
161 
Issues related to sub-contractor 
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No Factors Causing Delay 
Extent Each Factor Leads 
to Project Delay 
1 2 3 4 5 N/A 
162 
Time consumed by consultant to approve major changes 
in scope of work       
163 Timely of approving contractors submissions 
      
164 
Frequency and efficiency in quality 
management/assurance 
            
165 Timely test and inspection             
166 Availability of required construction material             
167 Availability of important construction material             
168 On-time availability of material             
169 
Time consumed to manufacture special building 
materials 
            
170 Changes in material prices             
171 Quality of material             
172 Timely material procurement             
173 Timely material delivery             
174 Availability of labour             
175 Availability of required labour skill             
176 Dependence on foreign labour             
177 Consistency of labour cost             
178 Workforce qualification             
179 Labours' productivity level             
180 Labours' skill level             
181 Nationality of labour             
182 Personal conflict among labour             
183 Availability of required plant/equipment/tools             
184 Equipment condition             
185 Availability of high-technology mechanical equipment             
186 Skill level of equipment operator             
187 Productivity and efficiency of equipment 
      
188 Adequacy of equipment used for the work 
      
189 Accuracy of equipment allocation 
      
190 Clarity of definition of substantial completion 
      
191 Consistency between contract documents 
      
192 Quality of contract document 
      
193 Contract Modifications 
      
194 Effectiveness of delay penalties 
      
195 Relationship between project team 
      
196 
Allocation of incentive for early completion by 
contractor       
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No Factors Causing Delay 
Extent Each Factor Leads 
to Project Delay 
1 2 3 4 5 N/A 
197 Process of obtaining transportation permit             
198 
Timely on providing services from utilities (water, 
electricity) 
            
199 Weather condition             
200 Unforseen site/ground condition             
201 Subsurface soil condition             
202 Availability of utilities in site (water, electricity, etc.)             
203 Traffic control & restriction at job site             
204 Accident during construction             
205 Differing site (ground) condition             
206 Number of contractors in the market             
207 Personnel turn-over cost             
208 Fairness of contract term and conditions             
209 "Ali Baba" practice by contractor             
210 "Baba Ali" practice by contractor             
   
 
 
SECTION 4 (OPTIONAL): FUTURE WORKS 
In future, this research would be carrying out a series of “Audio Recorded Semi-
Structured Interviews” towards the development and validation of this research final 
framework. The final research framework will generally be presenting beneficial 
Supply Chain Management (SCM) tools suited to reduce / eliminate distinctive delay 
root causes. Your assistance will be required for the development of above 
mentioned framework. The interview requires practicing professionals with at least 
10 years experience that were involved in projects in accordance to scopes detailed 
out in “General Information” section. Your experience, knowledge and opinion will 
be valuable for the proper framework development.  
Therefore, I would like to take this opportunity to invite you (and/or your colleagues) 
to participate in the interview. Appointments for those purposes will be structured in 
advance and at your convenience. Your participation, time allocation and valuable 
contributions will be very helpful for the proper completion of this research and the 
outcome of it could also possibly benefit your organization in future.  
Therefore, I hope you could highly consider your participation. All information 
obtained will be treated with HIGH CONFIDENTIALITY, remain 
ANONYMOUS when transcribed and used ONLY for the purpose of this Ph.D. 
research. If you are interested, kindly fill in your details below and I will contact the 
respective person for further arrangements.  
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Name  ______________________________________ 
Designation ______________________________________ 
Address ______________________________________ 
  ______________________________________ 
Phone  ______________________________________ 
Email  ______________________________________ 
 
 
(Your personal details will be detached from your survey responses for 
confidentiality purpose.) 
 
 
Your contributions are extremely valuable and are highly appreciated. Lastly, I 
would like to thank you for lending me your time and answering this survey.  
 
 
Would you like to receive a copy of the major findings from this study? 
 
Yes                             No 
 
 
Thank you for your cooperation 
Terima kasih di atas kerjasama yang anda berikan 
 
 
SALMAN RIAZI BIN MEHDI RIAZI 
PhD Candidate 
School of Urban Development  
Faculty of Built Environment and Engineering 
Queensland University of Technology,  
Brisbane, Qld, 4001 Australia 
Mobile: +6017 5440068;  
Email: salman.mehdiriazi@student.qut.edu.au 
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APPENDIX E – Data Analysis Results – 
Questionnaire  
Table 6.1: Respondents Details According to Their Positions in the Current Organisation 
 
Table 6.2: Respondents Details According to the Nature of Organisation 
 
Table 6.3: Contractors Details According to the their Registration Grade 
 
Table 6.4: Respondents Details Based on Their Experience in Construction Industry 
 
 
Nature of Organisation Sample 
Number of 
Responses 
Response 
Rate 
Managers 174 35 20.11% 
Mid-level Managers 88 42 47.72% 
Senior Managers 114 34 29.82% 
Total 376 111 29.52% 
Nature of Organisation Sample 
Number of 
Responses 
Response 
Rate 
Clients Group 56 37 66.07% 
Consultants Group 85 32 37.65% 
Contractors Group 235 42 17.87% 
Total 376 111 29.52% 
Contractor Grade Number of Responses 
A 19 
G7 8 
Total 27 
Experience in construction industry Number of Responses 
Less than 5 years 19 
5 to 15 years 71 
More than 15 years 21 
Total 111 
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Table 6.5: Respondents Details Based on Number of Projects They Were Involved In 
Number of projects involved in Number of Responses 
Less than 3 projects 6 
3 to 9 projects 69 
More than 9 projects 36 
Total 111 
 
 
Table 6.6: Respondents Detail Based on Average Duration in Projects They Were Involved 
Average duration of projects Number of Responses 
Less than 12 months 6 
12 to 24 months 89 
More than 24 months 16 
Total 111 
 
Table 6.7: Respondents Details Based Procurement Route Used in Most of Their Projects 
 
 
Figure 6.1: Total Respondents Based Their Perception on Average Time Performance in 
Projects They Were Involved 
 
0 
10 
20 
30 
40 
50 
60 
Very Bad Bad Fair Good Very Good 
Number of Responses 
Number of Responses 
Procurement route for most projects Number of Responses 
Open Tender 81 
Selective Tender (Pre-Qualified) 14 
Design & Build 16 
Total 111 
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Table 6.8: Respondents Details Based on Their Perception on Average Delay Rate of 
Projects 
Average delay if time performance was  
'Bad' or 'Very Bad' 
Number of 
Responses 
Not applicable 26 
Less than 10% extra time from the original contract period 7 
11% to 30% extra time from the original contract period 42 
More than 30% extra time from the original contract 
period 
36 
Total 111 
 
 
Table 6.9: Ranking of Factors Causing Delay (Original Data - Before Adjustment) 
Rank 
Descriptive Statistics  
Factors Causing Delay 
N Mean 
Std. 
Deviation 
Skewness Kurtosis 
Statistic Statistic Statistic Statistic 
Std. 
Error 
Statistic 
Std. 
Error 
1 Common project objective 111 4.3964 0.76609 -0.817 0.229 -0.817 0.455 
2 Time consumed to approve drawing 111 4.3694 0.73766 -0.852 0.229 -0.15 0.455 
3 
Frequency of coordination within the whole project 
team 
111 4.3423 0.92928 -2.192 0.229 7.111 0.455 
4 Time consumed for decision making by consultant 111 4.3243 0.7765 -0.639 0.229 -1.054 0.455 
5 Time consumed to prepare drawing 111 4.3063 0.73599 -0.556 0.229 -0.963 0.455 
6 Practicality of the original contract requirements 111 4.3063 0.79536 -0.83 0.229 -0.225 0.455 
7 Well defined project objective 111 4.2973 0.75792 -0.814 0.229 0.063 0.455 
8 Coordination between consultant and project team 111 4.2883 0.75543 -0.665 0.229 -0.501 0.455 
9 
Communication between owner and government 
authorities 
111 4.2703 0.85223 -1.002 0.229 0.716 0.455 
10 Type of project bidding and award 111 4.2613 1.00645 -1.637 0.229 3.179 0.455 
11 Sufficient drawing information 111 4.2342 0.83072 -0.465 0.229 -1.398 0.455 
12 Sufficient specification information 111 4.2162 0.81358 -0.419 0.229 -1.366 0.455 
13 
Appropriateness of overall organizational structure 
linking all parties to the project 
111 4.2162 0.80233 -0.521 0.229 -0.928 0.455 
14 
Project's Construction / Project manager leadership 
style 
111 4.2162 0.87807 -0.768 0.229 -0.459 0.455 
15 
Communication between contractor and the project 
team 
111 4.2072 0.75217 -0.493 0.229 -0.637 0.455 
16 Competency level of consultants' project team 111 4.1982 0.76062 -0.604 0.229 -0.227 0.455 
17 
Coordination between owner and government 
authorities during planning 
111 4.1982 0.95174 -0.925 0.229 0.059 0.455 
18 
Coordination between contractor and the project 
team 
111 4.1802 0.81126 -0.551 0.229 -0.675 0.455 
19 Changes in drawing 111 4.1712 0.73699 -0.422 0.229 -0.582 0.455 
20 Effectiveness of delay penalties 111 4.1712 0.77311 -0.427 0.229 -0.828 0.455 
21 
Allocation of incentive for early completion by 
contractor 
111 4.1712 0.86207 -0.513 0.229 -1.017 0.455 
22 Coordination between owner and the project team 111 4.1622 0.84789 -0.591 0.229 -0.656 0.455 
23 
Sufficiency of data collection and survey before 
design 
111 4.1622 0.8371 -0.505 0.229 -0.884 0.455 
24 
Completeness of 
design/drawings/specifications/documents 
111 4.1622 0.84789 -0.5 0.229 -0.951 0.455 
25 
Frequency of communication within the whole 
project team 
111 4.1441 0.79598 -0.486 0.229 -0.632 0.455 
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26 Relationship between project team 111 4.1441 0.80732 -0.481 0.229 -0.716 0.455 
27 Quality of documentation 111 4.1351 0.90941 -0.642 0.229 -0.344 0.455 
28 Communication between owner and project team 111 4.1351 0.81449 -0.563 0.229 -0.45 0.455 
29 Competency level of governments' project team 111 4.1171 0.8061 -0.323 0.229 -1.09 0.455 
30 Adequacy of original contract duration 111 4.0991 0.83072 -0.479 0.229 -0.659 0.455 
31 Competency level of local authority technical staff 111 4.0991 0.80853 -0.394 0.229 -0.8 0.455 
32 Consultant experience 111 4.0991 0.92397 -0.693 0.229 -0.491 0.455 
33 
Communication between consultant and project 
team 
111 4.0901 0.75738 -0.28 0.229 -0.818 0.455 
34 Changes in specifications 111 4.0811 0.84353 -0.341 0.229 -1.053 0.455 
35 
Sufficiency of government investment in Research 
and Development to improve construction 
performance and processes 
111 4.0721 0.84972 -0.32 0.229 -1.101 0.455 
36 Bureaucracy in the government organisation 111 4.0721 1.03319 -1.002 0.229 0.9 0.455 
37 Efficiency in decision making 111 4.0541 0.95192 -0.753 0.229 -0.074 0.455 
38 Project design team experience 111 4.0541 0.95192 -0.624 0.229 -0.385 0.455 
39 
Number of decision makers involved in public sector 
projects 
111 4.045 0.98523 -1.079 0.229 1.499 0.455 
40 Practicality of the original contract duration 111 4.018 0.95329 -1.062 0.229 2.066 0.455 
41 Sense of responsibility between project teams 111 3.8468 1.15364 -0.961 0.229 0.921 0.455 
42 Respect level between project teams 111 3.8468 1.12975 -0.81 0.229 0.228 0.455 
43 Bureaucracy within the local authority organisation 111 3.8018 1.18183 -1.087 0.229 1.247 0.455 
44 Time consumed on issuing change order by client 111 3.8018 1.14272 -1.016 0.229 0.881 0.455 
45 Project team selection 111 3.7658 1.05274 -0.563 0.229 -0.292 0.455 
46 
Availability of construction project management 
group for the project 
111 3.7658 0.92397 -0.289 0.229 -0.426 0.455 
47 Project activity duration and resources estimation 111 3.6757 0.95501 -0.58 0.229 0.248 0.455 
48 Project Planning 111 3.5856 1.1636 -0.511 0.229 -0.449 0.455 
49 Frequency of progress review 111 3.5676 0.97814 -0.816 0.229 1.252 0.455 
50 User involvement in planning stage 111 3.5586 1.15746 -0.826 0.229 0.898 0.455 
51 Frauds 111 3.5135 1.00783 -0.472 0.229 0.3 0.455 
52 Owners' cooperation 111 3.4955 0.96176 -0.268 0.229 -0.127 0.455 
53 
Design engineers' level of understanding of owners' 
requirements 
111 3.4775 1.00767 -0.48 0.229 0.453 0.455 
54 Accuracy of design documents 111 3.4775 1.04313 -0.575 0.229 0.145 0.455 
55 Accuracy of specifications 111 3.4685 1.02531 -0.429 0.229 0.287 0.455 
56 Client interference in projects 111 3.4414 1.12561 -0.786 0.229 0.886 0.455 
57 Knowledge transfer within government organisation 111 3.3874 1.0632 -0.323 0.229 -0.142 0.455 
58 Consultant's personality and character 111 3.3784 1.19129 -0.313 0.229 -0.556 0.455 
59 Client's personality and character 111 3.3694 1.18266 -0.487 0.229 -0.131 0.455 
60 
Process on revise and approve design document by 
owner 
111 3.3243 1.23702 -0.614 0.229 -0.003 0.455 
61 Level of qualification of consultant engineer's staff 111 3.3243 0.99235 0.102 0.229 -0.348 0.455 
62 Corruption 111 3.3063 1.08538 -0.248 0.229 -0.261 0.455 
63 Political influence and interest in projects 111 3.2883 1.1785 -0.412 0.229 -0.033 0.455 
64 
Familiarity with local conditions, environment and 
materials 
111 3.2883 1.07354 -0.197 0.229 0.345 0.455 
65 Effect of locality factors 111 3.2793 1.22972 -0.432 0.229 -0.256 0.455 
66 Number of experts in government organisation 111 3.2613 1.15768 -0.134 0.229 -0.21 0.455 
67 Number of experienced consultant engineers 111 3.2613 0.96022 0.204 0.229 -0.661 0.455 
68 Communication in Government organization 111 3.2613 1.24836 -0.596 0.229 -0.288 0.455 
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69 
Frequency of training for new technical government 
staff 
111 3.2613 1.1655 -0.527 0.229 0.649 0.455 
70 Owners' personality 111 3.2252 1.14165 -0.343 0.229 -0.242 0.455 
71 
Effectiveness of contractor’s head office 
involvement in project 
111 3.2252 1.14958 -0.527 0.229 0.041 0.455 
72 Level of advance engineering design software usage 111 3.2162 1.03928 -0.199 0.229 0.302 0.455 
73 
Technical professionals availability in the 
contractors organization 
111 3.2072 1.25855 -0.791 0.229 0.54 0.455 
74 Political interference in projects 111 3.1982 1.06873 -0.179 0.229 0.176 0.455 
75 
Consistency between bills of quantities, specification 
and drawings 
111 3.1351 1.09118 -0.701 0.229 0.68 0.455 
76 Professional ethics 111 3.0991 1.28597 -0.423 0.229 -0.448 0.455 
77 Completeness of scope of work definition 111 3.0721 1.2114 -0.359 0.229 -0.209 0.455 
78 Effect of social & cultural factor 111 3.0541 1.24198 -0.365 0.229 -0.165 0.455 
79 Multi-racial scenario in Malaysia 111 3.045 1.3908 -0.515 0.229 -0.35 0.455 
80 Contract Management 111 3.027 1.28953 -0.699 0.229 0.151 0.455 
81 Number of public holidays 111 3 1.26491 -0.384 0.229 -0.263 0.455 
82 Contractors' financial condition 111 3 1.48936 -0.521 0.229 -0.664 0.455 
83 Bureaucracy within the project team organisation 111 2.991 1.11596 -0.182 0.229 -0.088 0.455 
84 
Availability of design engineer's choice of special 
building materials 
111 2.982 1.06158 -0.242 0.229 0.012 0.455 
85 Competency level of contractors' project team 111 2.964 1.2055 -0.31 0.229 -0.218 0.455 
86 
Time consumed to review and approve design 
documents by consultant 
111 2.9099 1.02292 -0.439 0.229 -0.382 0.455 
87 Time consumed to select finishing materials 111 2.9099 1.17202 -0.374 0.229 -0.025 0.455 
88 Timely drawing approval 111 2.9009 1.3945 -0.557 0.229 -0.541 0.455 
89 
Obtaining approval from different government 
authorities 
111 2.8829 1.20407 -0.248 0.229 -0.152 0.455 
90 Timely of approving contractors submissions 111 2.8739 1.42776 -0.576 0.229 -0.493 0.455 
91 Frequency of meetings 111 2.8018 1.40661 -0.498 0.229 -0.337 0.455 
92 
Time consumed by consultant to approve major 
changes in scope of work 
111 2.7838 1.39091 -0.264 0.229 -0.694 0.455 
93 Tender selection process 111 2.7568 1.14587 -0.172 0.229 -0.41 0.455 
94 Consistency in material specifications 111 2.6847 1.11992 -0.257 0.229 -0.713 0.455 
95 Top Management fulfilling promises 111 2.6577 1.5521 -0.241 0.229 -0.852 0.455 
96 Complexity of project design 111 2.6396 1.21948 -0.745 0.229 0.173 0.455 
97 
Level of contractors' details and capacity study by 
client before selection 
111 2.5766 1.48048 -0.075 0.229 -0.85 0.455 
98 Implementation of the "Bumiputra" quota 111 2.5676 1.21821 -0.529 0.229 -0.214 0.455 
99 Timely consultant submissions 111 2.5586 1.52961 -0.214 0.229 -0.818 0.455 
100 
Relationship between consultants and design 
engineer 
111 2.5495 1.1965 0.027 0.229 -0.307 0.455 
101 Adequacy of contractor experience 111 2.5315 1.42586 -0.429 0.229 -1.001 0.455 
102 
Quality of technical study by contractor during 
bidding stage 
111 2.4595 1.39989 -0.32 0.229 -0.555 0.455 
103 Malaysian attitude 111 2.4414 1.2112 -0.439 0.229 -0.59 0.455 
104 Procedures on obtaining work permits 111 2.4234 1.31114 -0.237 0.229 -0.655 0.455 
105 Timely preparation of contractors submissions 111 2.3694 1.38122 -0.06 0.229 -0.666 0.455 
106 Malaysian mentality 111 2.3423 1.25405 -0.198 0.229 -0.613 0.455 
107 Obtaining permit from municipality 111 2.3423 1.24678 -0.335 0.229 -0.739 0.455 
108 Contractor's internal company condition 111 2.3243 1.53837 0.079 0.229 -0.789 0.455 
109 Clarity of scope of change 111 2.2973 1.4746 -0.165 0.229 -1.018 0.455 
110 Contractor’s administrative personnel availability 111 2.2162 1.40393 -0.213 0.229 -0.978 0.455 
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111 Work payment timeliness 111 2.1982 1.38051 -0.132 0.229 -0.826 0.455 
112 Project brief consistency throughout project 111 2.1892 1.45548 0.186 0.229 -0.705 0.455 
113 Accuracy of tender pricing by contractor 111 2.1712 1.65075 0.03 0.229 -1.175 0.455 
114 
Conflict between contractor and other parties 
(consultant & owner) 
111 2.1441 1.32697 -0.103 0.229 -0.759 0.455 
115 Timely of field survey by contractor 111 2.1171 1.37998 -0.024 0.229 -0.879 0.455 
116 
Qualification/competency of contractor's technical 
staff 
111 2.0721 1.5475 -0.002 0.229 -1.329 0.455 
117 Contractors company organisation involvement 111 2.036 1.368 -0.066 0.229 -0.937 0.455 
118 Contract Modifications 111 1.973 1.40428 0.149 0.229 -0.731 0.455 
119 Process of obtaining transportation permit 111 1.9099 1.35881 0.033 0.229 -0.703 0.455 
120 Major dispute and negotiations 111 1.9009 1.48296 0.054 0.229 -1.352 0.455 
121 Flexibility of consultant 111 1.8739 1.56738 0.054 0.229 -1.471 0.455 
122 Acquisition of construction material 111 1.8559 1.40678 0.061 0.229 -1.055 0.455 
123 Clarity of definition of substantial completion 111 1.8468 1.42827 0.237 0.229 -0.867 0.455 
124 Level of analysis for cause of change by client 111 1.8288 1.36764 0.098 0.229 -0.846 0.455 
125 Subsurface soil condition 111 1.8198 1.26633 0.018 0.229 -0.917 0.455 
126 
Time consumed by consultant engineer to respond to 
contractors enquiries 
111 1.7117 1.31001 -0.091 0.229 -1.422 0.455 
127 "Baba Ali" practice by contractor 111 1.6847 1.76317 0.554 0.229 -1.119 0.455 
128 Number of projects undertaken by contractor 111 1.6757 1.42166 0.419 0.229 -0.918 0.455 
129 Unforseen site/ground condition 111 1.6486 1.19582 0.128 0.229 -0.99 0.455 
130 Change orders 111 1.5495 1.62222 0.684 0.229 -0.761 0.455 
131 Internal company issues 111 1.5045 1.29947 0.256 0.229 -1.088 0.455 
132 "Ali Baba" practice by contractor 111 1.5045 1.43257 0.567 0.229 -0.689 0.455 
133 Consistency between contract documents 111 0.4505 0.74759 1.701 0.229 2.395 0.455 
134 Staff salary payment schedule 111 0.4144 0.66699 1.35 0.229 0.535 0.455 
135 Level of consultant staff's salary 111 0.4054 0.73086 1.901 0.229 3.178 0.455 
136 Quality of contract document 111 0.3874 0.71568 1.694 0.229 1.741 0.455 
137 Personal turnover 111 0.3784 0.64743 1.694 0.229 2.434 0.455 
138 
Timely on providing services from utilities (water, 
electricity) 
111 0.3694 0.72523 2.07 0.229 3.772 0.455 
139 Public work Department's belief 111 0.3694 0.67323 1.947 0.229 3.615 0.455 
140 Weather condition 111 0.3604 0.74824 2.082 0.229 3.481 0.455 
141 Level of consideration for humans' behaviour 111 0.3604 0.68481 1.99 0.229 3.57 0.455 
142 Joint-ownership of project 111 0.3423 0.6536 1.7 0.229 1.504 0.455 
143 Building codes 111 0.3423 0.68085 2.088 0.229 3.938 0.455 
144 Accuracy in estimating productivity 111 0.3423 0.68085 2.088 0.229 3.938 0.455 
145 
Frequency and efficiency in quality 
management/assurance 
111 0.3333 0.66515 2.146 0.229 4.383 0.455 
146 
Allowance for employees' holiday in project 
schedule 
111 0.3243 0.59026 1.662 0.229 1.716 0.455 
147 
Timely to furnish and deliver project site to 
contractor 
111 0.3243 0.5586 1.531 0.229 1.425 0.455 
148 Fluidity of project work flow 111 0.3153 0.66033 2.255 0.229 4.835 0.455 
149 Subcontractors work timely completion  111 0.3153 0.64642 2.058 0.229 3.556 0.455 
150 Contractors' project planning 111 0.2973 0.6266 1.94 0.229 2.391 0.455 
151 Frequency of regulation changes 111 0.2973 0.61192 2.155 0.229 4.37 0.455 
152 Timely site mobilisation 111 0.2883 0.66589 2.607 0.229 6.732 0.455 
153 Type of construction contract 111 0.2883 0.66589 2.607 0.229 6.732 0.455 
154 Frequency of policy changes 111 0.2793 0.62043 2.059 0.229 2.825 0.455 
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155 Timely material procurement 111 0.2793 0.68981 2.954 0.229 9.757 0.455 
156 Financial capability 111 0.2703 0.60221 2.097 0.229 3.081 0.455 
157 Efficiency in site resource allocation control 111 0.2703 0.57122 2.32 0.229 5.68 0.455 
158 Contractors overhead load 111 0.2703 0.57122 2.32 0.229 5.68 0.455 
159 Contractor claim payment 111 0.2703 0.61712 2.357 0.229 5.016 0.455 
160 Availability of utilities in site (water, electricity, etc.) 111 0.2613 0.55123 2.035 0.229 3.188 0.455 
161 Accident during construction 111 0.2613 0.61366 2.426 0.229 5.327 0.455 
162 Traffic control & restriction at job site 111 0.2523 0.53033 2.036 0.229 3.305 0.455 
163 Effectiveness of quality control by contractor 111 0.2523 0.5472 2.107 0.229 3.486 0.455 
164 
Efficiency of safety rules and regulations within the 
contractor’s organisation 
111 0.2523 0.56357 2.161 0.229 3.584 0.455 
165 Interference by owner in the construction operations 111 0.2523 0.5472 2.446 0.229 6.692 0.455 
166 Negotiation by knowledgeable people 111 0.2523 0.56357 2.161 0.229 3.584 0.455 
167 Availability of labour 111 0.2523 0.74429 3.46 0.229 12.583 0.455 
168 Variations 111 0.2523 0.63915 2.702 0.229 6.897 0.455 
169 
Effectiveness of contractors in controlling project 
work progress 
111 0.2523 0.61004 2.497 0.229 5.66 0.455 
170 Timely test and inspection 111 0.2342 0.57136 2.945 0.229 9.731 0.455 
171 Frequency of changing of sub-contractors 111 0.2342 0.5386 2.616 0.229 7.617 0.455 
172 Variations in quantities 111 0.2252 0.68337 3.337 0.229 10.539 0.455 
173 Company organization 111 0.2252 0.55078 2.393 0.229 4.6 0.455 
174 Project cash flow management 111 0.2252 0.49881 2.181 0.229 4.057 0.455 
175 Work breakdown structure 111 0.2252 0.55078 2.725 0.229 7.792 0.455 
176 Contractor's work adequacy 111 0.2162 0.54615 2.477 0.229 4.993 0.455 
177 Timely of payment to sub-contractor 111 0.2162 0.52924 2.804 0.229 8.699 0.455 
178 Relationship with neighbours 111 0.2072 0.52427 2.52 0.229 5.368 0.455 
179 Timely sample material approval 111 0.2072 0.50663 2.881 0.229 9.738 0.455 
180 
Availability of high-technology mechanical 
equipments 
111 0.2072 0.54133 2.917 0.229 8.887 0.455 
181 Differing site (ground) condition 111 0.1982 0.53631 2.66 0.229 5.879 0.455 
182 Dependence on foreign labour 111 0.1892 0.59564 3.334 0.229 10.713 0.455 
183 Fairness of contract term and conditions 111 0.1892 0.5311 3.129 0.229 10.175 0.455 
184 Personnel turn-over cost 111 0.1892 0.59564 3.596 0.229 13.112 0.455 
185 Number of contractors in the market 111 0.1892 0.47699 2.563 0.229 5.957 0.455 
186 Contractors' project scheduling 111 0.1892 0.51369 3.126 0.229 10.702 0.455 
187 
Conflict with sub-contractor’s schedule in execution 
of work 
111 0.1892 0.51369 3.126 0.229 10.702 0.455 
188 Issues related to sub-contractor 111 0.1892 0.58018 3.377 0.229 11.406 0.455 
189 Labours' skill level 111 0.1892 0.56429 3.729 0.229 15.15 0.455 
190 Availability of important construction material 111 0.1892 0.5311 2.759 0.229 6.379 0.455 
191 Labours' productivity level 111 0.1802 0.6353 3.515 0.229 11.36 0.455 
192 Appropriateness of project implementation 111 0.1802 0.45122 2.544 0.229 6.024 0.455 
193 Timely material delivery 111 0.1622 0.5806 3.949 0.229 15.496 0.455 
194 Workforce qualification 111 0.1622 0.49618 3.058 0.229 8.238 0.455 
195 Availability of required labour skill 111 0.1532 0.48986 3.187 0.229 8.992 0.455 
196 
Time consumed to manufacture special building 
materials 
111 0.1441 0.4833 3.818 0.229 15.552 0.455 
197 On-time availability of material 111 0.1441 0.4833 3.326 0.229 9.826 0.455 
198 Availability of required plant/equipment/tools 111 0.1441 0.53677 3.709 0.229 12.908 0.455 
199 Nationality of labour 111 0.1441 0.56964 4.219 0.229 17.426 0.455 
  
 272 
200 Quality of material 111 0.1351 0.41531 3.235 0.229 10.261 0.455 
201 Adequacy of equipment used for the work 111 0.1171 0.42079 3.725 0.229 13.247 0.455 
202 Availability of required construction material 111 0.1171 0.44187 3.785 0.229 13.207 0.455 
203 Skill level of equipment operator 111 0.1081 0.3656 3.617 0.229 13.413 0.455 
204 Changes in material prices 111 0.0901 0.31765 3.732 0.229 14.642 0.455 
205 Productivity and efficiency of equipments 111 0.0901 0.39427 5.332 0.229 32.055 0.455 
206 Equipment condition 111 0.0811 0.33399 4.462 0.229 20.594 0.455 
207 Clarity of contractors' staff scope of work 111 0.0811 0.36018 4.65 0.229 21.343 0.455 
208 Accuracy of equipment allocation 111 0.0811 0.2742 3.112 0.229 7.823 0.455 
209 Personal conflict among labour 111 0.0811 0.30556 4.038 0.229 17.351 0.455 
210 Consistency of labour cost 111 0.045 0.20834 4.447 0.229 18.106 0.455 
  Valid N (listwise) 111             
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Table 6.10(a): Summary of Statistical Analysis Results According to Different Categories 
(Original Factors - Before Adding New Pair of Factors)
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Table 6.10(b): Summary of Statistical Analysis Results According to Different Categories 
(After Adding New Pair of Factors) 
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Table 6.11: Summary of Factors that Violated Assumption of Homogeneity of Variances 
using Independent Samples T-Test.   
 
 
 
Table 6.12: Summary of Factors that Violated Assumption of Homogeneity of Variances 
According to Different Groups 
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Table 6.13: Summary of ANOVA Results for Factors with Significant Difference in Mean 
(According to Nature of Organisation) 
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Table 6.14: Summary of Independent-Samples T-Test Results and the Proposed New Pair of 
Factors (after deducting the culprit - “Client”) 
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Table 6.15: Summary of Independent-Samples T-Test Results and the Proposed New Pair of 
Factors (after deducting the culprit - “Contractor”)
 
 
 
Table 6.16: Summary of Kruskal Wallis Result According to Different Groups 
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Table 6.17: Summary of Mann-Whitney U Test Results and the Proposed New Pair of 
Factors (after deducting the culprit - “Client”) 
 
 
 
Respondents Details (Interview ‘B’): 
 Client representative: Quantity Surveyor in Public Works Department with 13 
years experience (indicated as respondent ‘A’ in Table 6.18) 
 Consultant representative: Director in Quantity Surveyor Consultant firm with 
over 30 years experience (indicated as respondent ‘B’ in Table 6.18) 
 Contractor representative: Director in a Construction firm with 12 years 
experience (indicated as respondent ‘C’ in Table 6.18) 
 
 
Table 6.18: Interview Results and Decisions Made (Interview ‘B’) 
Summary of Interview Responses and Decisions 
                Difference: Client (Cl) group ranked higher than Non-Client (Not Cl) group  
Factor: Project/Construction Manager's Leadership style    
Respondent 'B' thought that the word 'leadership' may have been misunderstood as 'management' however, with 
consideration that "Cl" group have higher involvement in management thus they would have better understanding 
of the impact of this factor than the "Not Cl" group. On the other hand, both respondent 'A' and 'C' did not believe 
the word 'leadership' were misunderstood and they had a similar standing on this matter. They generally believed 
that the "Cl" group probably has the better understanding and exposure on the impact of Project/Construction 
Managers leadership style on the work progress compared to "Not Cl" group due to level of exposure they get. 
"Cl" group usually takes leadership role in all government projects while "Not Cl" group, even if they had a role, 
were probably in design and built projects. Additionally, both respondents added that leadership by "Cl" group 
spread through multiple organizational levels involved in government projects while "Non Cl" group are mostly 
concerned with their inter-company level.  
Respondents verdict: All 3 believed that "Cl" group would have better understanding on the impact of this factor 
towards project delay 
This Research decision: "Cl" perspective was accepted as most accurate and best representing the majority 
based on response from 2 of 3 respondents ('A' and 'C'). Additionally, this research found that 73% of projects 
involved in the scope of this research adopted open tender system thus other procurements existed at rare 
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occasions thus "Not Cl" involvement in leadership are at minimal level (if any). 
Factor: Respect Level Between Project Team 
Respondent 'B' related this factor to the first factor above believing that good management leads to high sense of 
belonging which nurtures respect among project team. Therefore, the higher involvement of "Cl" group in 
management means that they would better undestand the impact of respect on delay. On the other hand, 
respondent 'A' and 'C' generally believed that better respect leads to better trust level which is important to 
deliver tasks efficiently. Since government servants commonly involve / handle multiple projects at a time 
(compared to "Non Cl" groups), it would be of higher importance that they can trust other parties and not having 
to monitor too closely each and every task which would waste a lot of time. Respondent 'A' also added that being 
top in the hierarchy, "Cl" group would certainly be more concerned of the respect factor compared to other 
parties especially that it involves government projects. Thus, both respondent believed that "Cl" group would 
certainly have better exposure and understanding on the importance of respect for a productive project team. 
Respondents verdict: All 3 believed that "Cl" group would have better understanding on the impact of this factor 
towards project delay 
This Researh decision: "Cl" perspective was accepted as most accurate and best representing the majority 
based on response from 2 of 3 respondents ('A' and 'C') 
Factor: "Baba Ali" Practice by Contractor 
"Baba Ali" is a form of unethical subcontracting of government projects.  This factor received similar opinion by all 
3 respondents and they considered it a straight forward case, meaning that it certainly affects the government 
("Cl" group) the most. This is evident especially when problem occurs or projects gets abandoned where 
government are left to clear the mess. The 3rd party contractor which got the job from an unethical "back door" 
subcontracting have no legally bonded agreement with the government and thus cannot be held responsible. 
While the contracted party can be held responsible, but the government will still need to look for another 
contractor to complete the job, which certainly affects the initially planned completion date of the project. 
Therefore obviously the "Cl" group knows best on how this factor impacts time performance.  
Respondents verdict: All 3 believed that "Cl" group would have better understanding on the impact of this factor 
towards project delay 
This Research decision: "Cl" perspective was accepted as most accurate and best representing the majority 
based on response from all 3 respondents.  
Factor: Accuracy of Design Document 
Respondent 'C' suggested that this factor usually refers to revision and reworks in drawing preparation. Since 
many government projects uses drawings prepared by in-house PWD professionals, thus in the context of this 
research, this could explain reason for "Cl" group to perceive this factor as of higher impact on delay compared to 
the "Not Cl". On the other hand, respondent 'A' and 'B' opined that this factor may have been referred only on IBS 
or Precast projects since in these projects, design accuracy is vital for accurate mould construction. They 
suggested "Cl" group would have better understanding on impact of design inaccuracy in these projects due to 
their wide exposure on such works. 
This Research decision: With consideration of response from 2 of 3 respondents ('A' and 'B') referring to IBS and 
Precast project alone means that the impact of this factor cannot be generalized on all other projects as 
circumstances can differ. Therefore, this research decided to delete the factor due to obscurity and lack of 
reasonable justifications.   
                Difference: Non-Client (Not Cl) group ranked higher than Client (Cl) group  
Factor: Procedure on Obtaining Work Permit 
All 3 respondents suggested that matters relating to pemit acquisition mostly refer to the consultant and 
contractors scope of work and rarely involve clients. Therefore, "Not Cl" group would have better understanding 
of the impact of this activity over delay. Besides, respondent 'B' added that "Cl" group could have probably been 
in denial as well by rating the factor at lower impact because permit acquisitions also involves some government 
organisation. 
Respondents’ verdict: All 3 believed that "Not Cl" group would have better understanding on the impact of this 
factor towards project delay. 
This Research decision: "Not Cl" perspective was accepted as most accurate and best representing the majority 
based on response from all 3 respondents.  
Factor: Obtaining Permit from Municipality 
All 3 respondents associated this factor with permit acquisitions thus reckoned that they are from the same 
nature as the above factor ("procedure on obtaining work permit"). So verdicts are also the same. 
This Research decision: "Not Cl" perspective was accepted as most accurate and best representing the majority 
based on response from all 3 respondents.  
Factor: Project Brief Consistency Throughout Project 
All 3 respondents believed that this is also a straight forward case and that the impacts of inconsistent briefs are 
best understood by the "implementer" groups (consultant and contractor). The difference goes down to 
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experience as the consultant and contractors are the ones that mostly have to cope with brief changes 
(compared to the client) thus the "Not Cl" group would have better understanding on the impact of this factor 
towards delay. 
Respondents verdict: All 3 believed that "Not Cl" group would have better understanding on the impact of this 
factor towards project delay 
This Research decision: "Not Cl" perspective was accepted as most accurate and best representing the majority 
based on response from all 3 respondents.  
                Difference: Non-Contractor (Not Ctr) group ranked higher than Contractor (Ctr) group  
Factor: Bureaucracy in Government Organisation 
All 3 respondents believed that contractors rarely involve in government bureaucracies except when involving 
design and built or direct negotiation projects. Thus experience wise, they would be less knowledgeable on the 
impact of government bureaucracies on delay.  
Respondents verdict: All 3 believed that "Not Ctr" group would have better understanding on the impact of this 
factor towards project delay 
This Research decision: "Not Ctr" perspective was accepted as most accurate and best representing the majority 
based on response from all 3 respondents.  
 
 
 
 
Table 6.19: Decision on Factors to be Retained and Deleted Based on Interview ‘B’ Results 
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Table 6.20: Result of Paired-Samples T-Test and Division Details 
Rank Factors Causing Delay 
n 
response 
mean sd 
t-test 
p 
Divisions 
1 
Project's Construction / Project manager 
leadership style (Cl) 
37 4.7568 0.4350 N/A 
DIVISION 
1 (1 Item) 
2 Respect level between project teams (Cl) 37 4.4595 0.7672 
0.039 
/ N/A 
DIVISION 
2 (41 
Items) 
3 Common project objective 111 4.3964 0.7661 1.000 
4 
Bureaucracy in the government organisation 
(not Ctr) 
69 4.3913 0.8781 .487 
5 Time consumed to approve drawing 111 4.3694 0.7377 .324 
6 
Frequency of coordination within the whole 
project team 
111 4.3423 0.9293 .376 
7 
Time consumed for decision making by 
consultant 
111 4.3243 0.7765 .512 
8 Time consumed to prepare drawing 111 4.3063 0.7360 .571 
9 Practicality of the original contract requirements 111 4.3063 0.7954 .881 
10 Well defined project objective 111 4.2973 0.7579 .431 
11 
Coordination between consultant and project 
team 
111 4.2883 0.7554 .856 
12 
Communication between owner and government    
authorities 
111 4.2703 0.8522 .750 
13 Type of project bidding and award 111 4.2613 1.0064 .310 
14 Sufficient drawing information 111 4.2342 0.8307 .777 
15 
Appropriateness of overall organizational 
structure linking all parties to the project 
111 4.2162 0.8023 .163 
16 Sufficient specification information 111 4.2162 0.8136 1.000 
17 
Communication between contractor and the 
project team 
111 4.2072 0.7522 .512 
18 Competency level of consultants' project team 111 4.1982 0.7606 .637 
19 
Coordination between owner and government 
authorities during planning 
111 4.1982 0.9517 .831 
20 
Coordination between contractor and the project 
team 
111 4.1802 0.8113 .608 
21 Changes in drawing 111 4.1712 0.7370 .086 
22 
Allocation of incentive for early completion by 
contractor 
111 4.1712 0.8621 .422 
23 Effectiveness of delay penalties 111 4.1712 0.7731 .422 
24 
Coordination between owner and the project 
team 
111 4.1622 0.8479 .512 
25 
Sufficiency of data collection and survey before 
design 
111 4.1622 0.8371 .291 
26 
Completeness of 
design/drawings/specifications/documents 
111 4.1622 0.8479 .483 
27 
Frequency of communication within the whole 
project team 
111 4.1441 0.7960 .118 
28 Relationship between project team 111 4.1441 0.8073 .173 
29 
Communication between owner and project 
team 
111 4.1351 0.8145 .373 
30 Quality of documentation 111 4.1351 0.9094 .790 
31 Competency level of governments' project team 111 4.1171 0.8061 .860 
32 Consultant experience 111 4.0991 0.9240 .282 
33 
Competency level of local authority technical 
staff 
111 4.0991 0.8085 .198 
34 Adequacy of original contract duration 111 4.0991 0.8307 .163 
35 
Communication between consultant and project 
team 
111 4.0901 0.7574 .255 
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36 Changes in specifications 111 4.0811 0.8435 .124 
37 
Sufficiency of government investment in 
Research and Development to improve 
construction performance and processes 
111 4.0721 0.8497 .571 
38 Efficiency in decision making 111 4.0541 0.9519 .308 
39 Project design team experience 111 4.0541 0.9519 .183 
40 
Number of decision makers involved in public 
sector projects 
111 4.0450 0.9852 1.000 
41 Practicality of the original contract duration 111 4.0180 0.9533 .096 
42 Sense of responsibility between project teams 111 3.8468 1.1536 .181 
43 
Time consumed on issuing change order by 
client 
111 3.8018 1.1427 
0.005 
/ 
0.738 
DIVISION 
3 (6 
Items) 
44 
Bureaucracy within the local authority 
organisation 
111 3.8018 1.1818 .751 
45 
Availability of construction project management 
group for the project 
111 3.7658 0.9240 .544 
46 Project team selection 111 3.7658 1.0527 .551 
47 
Project activity duration and resources 
estimation 
111 3.6757 0.9550 .207 
48 Project planning 111 3.5856 1.1636 .098 
49 Frequency of progress review 111 3.5676 0.9781 
0.037 
/ 
0.869 
DIVISION 
4 (16 
Items) 
50 User involvement in planning stage 111 3.5586 1.1575 .840 
51 Frauds 111 3.5135 1.0078 .622 
52 Owners' cooperation 111 3.4955 0.9618 .507 
53 
Design engineers' level of understanding of 
owners' requirements 
111 3.4775 1.0077 .419 
54 Accuracy of specifications 111 3.4685 1.0253 .407 
55 Client interference in projects 111 3.4414 1.1256 .346 
56 
Knowledge transfer within government 
organisation 
111 3.3874 1.0632 .146 
57 Consultant's personality and character 111 3.3784 1.1913 .173 
58 Client's personality and character 111 3.3694 1.1827 .164 
59 
Level of qualification of consultant engineer's 
staff 
111 3.3243 0.9924 .088 
60 
Process on revise and approve design 
document by owner 
111 3.3243 1.2370 .078 
61 Corruption 111 3.3063 1.0854 .051 
62 Political influence and interest in projects 111 3.2883 1.1785 .067 
63 
Familiarity with local conditions, environment 
and materials 
111 3.2883 1.0735 .053 
64 Effect of locality factors 111 3.2793 1.2297 .063 
65 Number of experienced consultant engineers 111 3.2613 0.9602 
0.025 
/ 
0.905 
DIVISION 
5 (15 
Items) 
66 Communication in Government organization 111 3.2613 1.2484 .909 
67 
Frequency of training for new technical 
government staff 
111 3.2613 1.1655 .884 
68 Number of experts in government organisation 111 3.2613 1.1577 .902 
69 Owners' personality 111 3.2252 1.1416 .694 
70 
Effectiveness of contractor’s head office 
involvement in project 
111 3.2252 1.1496 .715 
71 
Level of advance engineering design software 
usage 
111 3.2162 1.0393 .646 
72 
Technical professionals availability in the 
contractors organization 
111 3.2072 1.2585 .662 
73 Political interference in projects 111 3.1982 1.0687 .583 
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74 
Consistency between bills of quantities, 
specification and drawings 
111 3.1351 1.0912 .341 
75 Professional ethics 111 3.0991 1.2860 .277 
76 Completeness of scope of work definition 111 3.0721 1.2114 .185 
77 Effect of social & cultural factor 111 3.0541 1.2420 .081 
78 Multi-racial scenario in Malaysia 111 3.0450 1.3908 .113 
79 Contract Management 111 3.0270 1.2895 .117 
80 Number of public holidays 111 3.0000 1.2649 
0.044 
/ 
0.860 
DIVISION 
6 (16 
Items) 
81 Contractors' financial condition 111 3.0000 1.4894 .886 
82 
Bureaucracy within the project team 
organisation 
111 2.9910 1.1160 .809 
83 
Availability of design engineer's choice of 
special building materials 
111 2.9820 1.0616 .760 
84 Competency level of contractors' project team 111 2.9640 1.2055 .706 
85 Time consumed to select finishing materials 111 2.9099 1.1720 .471 
86 
Time consumed to review and approve design 
documents by consultant 
111 2.9099 1.0229 .397 
87 Timely drawing approval 111 2.9009 1.3945 .509 
88 
Obtaining approval from different government 
authorities 
111 2.8829 1.2041 .358 
89 Timely of approving contractors submissions 111 2.8739 1.4278 .436 
90 Frequency of meetings 111 2.8018 1.4066 .193 
91 
Time consumed by consultant to approve major 
changes in scope of work 
111 2.7838 1.3909 .154 
92 Tender selection process 111 2.7568 1.1459 .112 
93 "Baba Ali" practice by contractor (Cl) 37 2.7568 1.8916 .142 
94 Procedures on obtaining work permits (not Cl) 74 2.7568 1.1914 .604 
95 
Project brief consistency throughout project (not 
Cl) 
74 2.6892 1.2488 .423 
96 Consistency in material specifications 111 2.6847 1.1199 
0.035 
/ 
0.656 
DIVISION 
7 (5 
Items) 
97 Obtaining permit from municipality (not Cl) 74 2.6622 1.1853 .879 
98 Top Management fulfilling promises 111 2.6577 1.5521 .404 
99 Complexity of project design 111 2.6396 1.2195 .258 
100 
Level of contractors' details and capacity study 
by client before selection 
111 2.5766 1.4805 .081 
101 Implementation of the "Bumiputra" quota 111 2.5676 1.2182 
0.036 
/ 
0.954 
 
 
DIVISION 
8 (11 
Items) 
102 Timely consultant submissions 111 2.5586 1.5296 .924 
103 
Relationship between consultants and design 
engineer 
111 2.5495 1.1965 .883 
104 Adequacy of contractor experience 111 2.5315 1.4259 .808 
105 
Quality of technical study by contractor during 
bidding  stage 
111 2.4595 1.3999 .537 
106 Malaysian attitude 111 2.4414 1.2112 .414 
107 Timely preparation of contractors submissions 111 2.3694 1.3812 .262 
108 Malaysian mentality 111 2.3423 1.2541 .181 
109 Contractor's internal company condition 111 2.3243 1.5384 .221 
110 Clarity of scope of change 111 2.2973 1.4746 .088 
111 Contractor’s administrative personnel availability 111 2.2162 1.4039 .057 
112 Work payment timeliness 111 2.1982 1.3805 
0.041 
/ .927 DIVISION 
9 (12 
Items) 
113 Accuracy of tender pricing by contractor 111 2.1712 1.6508 .831 
114 
Conflict between contractor and other parties 
(consultant & owner) 
111 2.1441 1.3270 .704 
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115 Timely of field survey by contractor 111 2.1171 1.3800 .603 
116 
Qualification/competency of contractor's 
technical staff 
111 2.0721 1.5475 .437 
117 Contractors company organisation involvement 111 2.0360 1.3680 .273 
118 Contract Modifications 111 1.9730 1.4043 .226 
119 Process of obtaining transportation permit 111 1.9099 1.3588 .079 
120 Major dispute and negotiations 111 1.9009 1.4830 .088 
121 Flexibility of consultant 111 1.8739 1.5674 .098 
122 Acquisition of construction material 111 1.8559 1.4068 .074 
123 Clarity of definition of substantial completion 111 1.8468 1.4283 .081 
124 Level of analysis for cause of change by client 111 1.8288 1.3676 
0.033 
/ 
0.923 
DIVISION 
10 (8 
Items) 
125 Subsurface soil condition 111 1.8198 1.2663 .864 
126 
Time consumed by consultant engineer to 
respond to contractors enquiries 
111 1.7117 1.3100 .452 
127 Number of projects undertaken by contractor 111 1.6757 1.4217 .397 
128 Unforseen site/ground condition 111 1.6486 1.1958 .248 
129 Change orders 111 1.5495 1.6222 .118 
130 "Ali Baba" practice by contractor 111 1.5045 1.4326 .074 
131 Internal company issues 111 1.5045 1.2995 .060 
132 Consistency between contract documents 111 0.4505 0.7476 
0.000 
/ 
0.000 
DIVISION 
11 (78 
Items) 
133 Staff salary payment schedule 111 0.4144 0.6670 0.000 
134 Level of consultant staff's salary 111 0.4054 0.7309 0.000 
135 Quality of contract document 111 0.3874 0.7157 0.000 
136 Personal turnover 111 0.3784 0.6474 0.000 
137 Public work Department's belief 111 0.3694 0.6732 0.000 
138 
Timely on providing services from utilities 
(water, electricity) 
111 0.3694 0.7252 0.000 
139 Weather condition 111 0.3604 0.7482 0.000 
140 Level of consideration for humans' behaviour 111 0.3604 0.6848 0.000 
141 Accuracy in estimating productivity 111 0.3423 0.6808 0.000 
142 Building codes 111 0.3423 0.6808 0.000 
143 Joint-ownership of project 111 0.3423 0.6536 0.000 
144 
Frequency and efficiency in quality 
management/assurance 
111 0.3333 0.6651 0.000 
145 
Allowance for employees' holiday in project 
schedule 
111 0.3243 0.5903 0.000 
146 
Timely to furnish and deliver project site to 
contractor 
111 0.3243 0.5586 0.000 
147 Subcontractors work timely completion 111 0.3153 0.6464 0.000 
148 Fluidity of project work flow 111 0.3153 0.6603 0.000 
149 Contractors' project planning 111 0.2973 0.6266 0.000 
150 Frequency of regulation changes 111 0.2973 0.6119 0.000 
151 Timely site mobilisation 111 0.2883 0.6659 0.000 
152 Type of construction contract 111 0.2883 0.6659 0.000 
153 Timely material procurement 111 0.2793 0.6898 0.000 
154 Frequency of policy changes 111 0.2793 0.6204 0.000 
155 Financial capability 111 0.2703 0.6022 0.000 
156 Contractors overhead load 111 0.2703 0.5712 0.000 
157 Efficiency in site resource allocation control 111 0.2703 0.5712 0.000 
158 Contractor claim payment 111 0.2703 0.6171 0.000 
159 Accident during construction 111 0.2613 0.6137 0.000 
160 
Availability of utilities in site (water, electricity, 
etc.) 
111 0.2613 0.5512 0.000 
161 Traffic control & restriction at job site 111 0.2523 0.5303 0.000 
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162 Negotiation by knowledgeable people 111 0.2523 0.5636 0.000 
163 
Interference by owner in the construction 
operations 
111 0.2523 0.5472 0.000 
164 
Efficiency of safety rules and regulations within 
the contractor’s organisation 
111 0.2523 0.5636 0.000 
165 Availability of labour 111 0.2523 0.7443 0.000 
166 Effectiveness of quality control by contractor 111 0.2523 0.5472 0.000 
167 Variations 111 0.2523 0.6392 0.000 
168 
Effectiveness of contractors in controlling project 
work progress 
111 0.2523 0.6100 0.000 
169 Timely test and inspection 111 0.2342 0.5714 0.000 
170 Frequency of changing of sub-contractors 111 0.2342 0.5386 0.000 
171 Variations in quantities 111 0.2252 0.6834 0.000 
172 Project cash flow management 111 0.2252 0.4988 0.000 
173 Work breakdown structure 111 0.2252 0.5508 0.000 
174 Company organization 111 0.2252 0.5508 0.000 
175 Timely of payment to sub-contractor 111 0.2162 0.5292 0.000 
176 Contractor's work adequacy 111 0.2162 0.5462 0.000 
177 
Availability of high-technology mechanical 
equipment 
111 0.2072 0.5413 0.000 
178 Relationship with neighbours 111 0.2072 0.5243 0.000 
179 Timely sample material approval 111 0.2072 0.5066 0.000 
180 Differing site (ground) condition 111 0.1982 0.5363 0.000 
181 Contractors' project scheduling 111 0.1892 0.5137 0.000 
182 Availability of important construction material 111 0.1892 0.5311 0.000 
183 Issues related to sub-contractor 111 0.1892 0.5802 0.000 
184 Dependence on foreign labour 111 0.1892 0.5956 0.000 
185 Labours' skill level 111 0.1892 0.5643 0.000 
186 Fairness of contract term and conditions 111 0.1892 0.5311 0.000 
187 Number of contractors in the market 111 0.1892 0.4770 0.000 
188 
Conflict with sub-contractor’s schedule in 
execution of  work 
111 0.1892 0.5137 0.000 
189 Personnel turn-over cost 111 0.1892 0.5956 0.000 
190 Appropriateness of project implementation 111 0.1802 0.4512 0.000 
191 Labours' productivity level 111 0.1802 0.6353 0.000 
192 Workforce qualification 111 0.1622 0.4962 0.000 
193 Timely material delivery 111 0.1622 0.5806 0.000 
194 Availability of required labour skill 111 0.1532 0.4899 0.000 
195 
Time consumed to manufacture special building 
materials 
111 0.1441 0.4833 0.000 
196 On-time availability of material 111 0.1441 0.4833 0.000 
197 Nationality of labour 111 0.1441 0.5696 0.000 
198 Availability of required plant/equipment/tools 111 0.1441 0.5368 0.000 
199 Quality of material 111 0.1351 0.4153 0.000 
200 Availability of required construction material 111 0.1171 0.4419 0.000 
201 Adequacy of equipment used for the work 111 0.1171 0.4208 0.000 
202 Skill level of equipment operator 111 0.1081 0.3656 0.000 
203 Productivity and efficiency of equipment 111 0.0901 0.3943 0.000 
204 Changes in material prices 111 0.0901 0.3176 0.000 
205 Clarity of contractors' staff scope of work 111 0.0811 0.3602 0.000 
206 Equipment condition 111 0.0811 0.3340 0.000 
207 Accuracy of equipment allocation 111 0.0811 0.2742 0.000 
208 Personal conflict among labour 111 0.0811 0.3056 0.000 
209 Consistency of labour cost 111 0.0450 0.2083 0.000 
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APPENDIX F – Factor Analysis Results 
Table 6.21(a): EFA - Correlation Matrix (Principal Component Analysis with “Direct 
Oblimin” Rotation) 
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Table 6.21(b): EFA - Correlation Matrix (Principal Component Analysis with “Equamax” 
Rotation)
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Table 6.21(c): EFA - Correlation Matrix (Principal Component Analysis with “Quartimax” 
Rotation) 
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Table 6.21(d): EFA - Correlation Matrix (Principal Component Analysis with “Varimax” 
Rotation) 
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Table 6.21(e): EFA - Correlation Matrix (Principal Component Analysis with “Promax” 
Rotation) 
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Table 6.22: Monte Carlo PCA for Parallel Analysis Results 
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Table 6.23(a): EFA - Total Variance Explained and Monte Carlo PCA for Parallel Analysis 
(Principal Component Analysis with “Direct Oblimin” Rotation) 
 
  
 304 
Table 6.23(b): EFA - Total Variance Explained and Monte Carlo PCA for Parallel Analysis 
(Principal Component Analysis with “Equamax” Rotation) 
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Table 6.23(c): EFA - Total Variance Explained and Monte Carlo PCA for Parallel Analysis 
(Principal Component Analysis with “Quartimax” Rotation) 
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Table 6.23(d): EFA - Total Variance Explained and Monte Carlo PCA for Parallel Analysis 
(Principal Component Analysis with “Varimax” Rotation) 
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Table 6.23(e): EFA - Total Variance Explained and Monte Carlo PCA for Parallel Analysis 
(Principal Component Analysis with “Promax” Rotation) 
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Figure 6.2(a): EFA - Scree Plots (Principal Component Analysis with “Direct Oblimin” 
Rotation) 
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Figure 6.2(b): EFA - Scree Plots (Principal Component Analysis with “Equamax” Rotation) 
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Figure 6.2(c): EFA - Scree Plots (Principal Component Analysis with “Quartimax” Rotation) 
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Figure 6.2(d): EFA - Scree Plots (Principal Component Analysis with “Varimax” Rotation) 
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Figure 6.2(e): EFA - Scree Plots (Principal Component Analysis with “Promax” Rotation) 
 
 
 
Table 6.23(x): EFA - Suggested Factor Solution from all Matrix Tables 
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Table 6.24(a): EFA - Component Matrix Table (Principal Component Analysis with “Direct 
Oblimin” Rotation) 
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Table 6.24(b): EFA - Component Matrix Table (Principal Component Analysis with 
“Equamax” Rotation)
 
  
 315 
Table 6.24(c): EFA - Component Matrix Table (Principal Component Analysis with 
“Quartimax” Rotation)
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Table 6.24(d): EFA - Component Matrix Table (Principal Component Analysis with 
“Varimax” Rotation)
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Table 6.24(e): EFA - Component Matrix Table (Principal Component Analysis with 
“Promax” Rotation)
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Table 6.25(a): EFA - Pattern Matrix Table (Principal Component Analysis with “Direct 
Oblimin” Rotation) 
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Table 6.25(b): EFA - Pattern Matrix Table (Principal Component Analysis with “Promax” 
Rotation) 
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Table 6.26(a): EFA - Rotated Component Matrix Table (Principal Component Analysis with 
“Equamax” Rotation) 
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Table 6.26(b): EFA - Rotated Component Matrix Table (Principal Component Analysis with 
“Quartimax” Rotation)
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Table 6.26(c): EFA - Rotated Component Matrix Table (Principal Component Analysis with 
“Varimax” Rotation) 
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Table 6.27(a): CFA 11 – Total Variance Explained (Principal Component Analysis with 
“Direct Oblimin” Rotation) 
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Table 6.27(b): CFA 11 – Total Variance Explained (Principal Component Analysis with 
“Promax” Rotation)
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Table 6.27(c): CFA 11 – Total Variance Explained (Principal Component Analysis with 
“Equamax” Rotation)  
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Table 6.27(d): CFA 11 – Total Variance Explained (Principal Component Analysis with 
“Quartimax” Rotation) 
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Table 6.27(e): CFA 11 – Total Variance Explained (Principal Component Analysis with 
“Varimax” Rotation) 
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Table 6.28(a): CFA 11 – Component Correlation Matrix (Principal Component Analysis 
with “Direct Oblimin” Rotation) 
 
 
Table 6.28(b): CFA 11 – Component Correlation Matrix (Principal Component Analysis 
with “Promax” Rotation) 
 
 
Table 6.29(a): CFA 11 – Component Transformation Matrix (Principal Component Analysis 
with “Equamax” Rotation) 
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Table 6.29(b): CFA 11 – Component Transformation Matrix (Principal Component Analysis 
with “Quartimax” Rotation) 
 
 
Table 6.29(c): CFA 11 – Component Transformation Matrix (Principal Component Analysis 
with “Varimax” Rotation) 
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Table 6.30(a): CFA 11 – Pattern Matrix (Principal Component Analysis with “Direct 
Oblimin” Rotation) 
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Table 6.30(b): CFA 11 – Pattern Matrix (Principal Component Analysis with “Promax” 
Rotation) 
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Table 6.31(a): CFA 11 – Structure Matrix (Principal Component Analysis with “Direct 
Oblimin” Rotation) 
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Table 6.31(b): CFA 11 – Structure Matrix (Principal Component Analysis with “Promax” 
Rotation) 
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Table 6.32(a): CFA 11 – Rotated Component Matrix (Principal Component Analysis with 
“Equamax” Rotation) 
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Table 6.32(b): CFA 11 – Rotated Component Matrix (Principal Component Analysis with 
“Quartimax” Rotation) 
 
 
  
 336 
Table 6.32(c): CFA 11 – Rotated Component Matrix (Principal Component Analysis with 
“Varimax” Rotation) 
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Table 6.33(a): CFA 11 – Communalities (Principal Component Analysis with “Direct 
Oblimin” Rotation) 
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Table 6.33(b): CFA 11 – Communalities (Principal Component Analysis with “Promax” 
Rotation) 
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Table 6.33(c): CFA 11 – Communalities (Principal Component Analysis with “Equamax” 
Rotation) 
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Table 6.33(d): CFA 11 – Communalities (Principal Component Analysis with “Quartimax” 
Rotation) 
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Table 6.33(e): CFA 11 – Communalities (Principal Component Analysis with “Varimax” 
Rotation) 
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Table 6.34(a): Comparison of All CFA Results for 11 Factor Solutions (Parallel Analysis)  
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Table 6.34(a) (Cont’d): Comparison of All CFA Results for 11 Factor Solutions (Parallel 
Analysis)  
 
  
 344 
Table 6.34(a) (Cont’d): Comparison of All CFA Results for 11 Factor Solutions (Parallel 
Analysis)  
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Table 6.34(b): Summary of CFA Results for Factors Repeating 3 to 5 Times - 11 Factor 
Solutions (Parallel Analysis) 
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Table 6.35(a): CFA 8 – Total Variance Explained (Principal Component Analysis with 
“Direct Oblimin” Rotation) 
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Table 6.35(b): CFA 8 – Total Variance Explained (Principal Component Analysis with 
“Promax” Rotation) 
 
  
 348 
Table 6.35(c): CFA 8 – Total Variance Explained (Principal Component Analysis with 
“Equamax” Rotation) 
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Table 6.35(d): CFA 8 – Total Variance Explained (Principal Component Analysis with 
“Quartimax” Rotation) 
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Table 6.35(e): CFA 8 – Total Variance Explained (Principal Component Analysis with 
“Varimax” Rotation) 
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Table 6.36(a): CFA 8 – Component Correlation Matrix (Principal Component Analysis with 
“Direct Oblimin” Rotation) 
 
 
Table 6.36(b): CFA 8 – Component Correlation Matrix (Principal Component Analysis with 
“Promax” Rotation) 
 
 
Table 6.37(a): CFA 8 – Component Transformation Matrix (Principal Component Analysis 
with “Equamax” Rotation) 
 
 
 
 
 
 
 
 
  
 352 
Table 6.37(b): CFA 8 – Component Transformation Matrix (Principal Component Analysis 
with “Quartimax” Rotation) 
 
 
Table 6.37(c): CFA 8 – Component Transformation Matrix (Principal Component Analysis 
with “Varimax” Rotation) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 353 
Table 6.38(a): CFA 8 – Pattern Matrix (Principal Component Analysis with “Direct 
Oblimin” Rotation) 
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Table 6.38(b): CFA 8 – Pattern Matrix (Principal Component Analysis with “Promax” 
Rotation)
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Table 6.39(a): CFA 8 – Structure Matrix (Principal Component Analysis with “Direct 
Oblimin” Rotation) 
 
 
  
 356 
Table 6.39(b): CFA 8 – Structure Matrix (Principal Component Analysis with “Promax” 
Rotation) 
 
  
 357 
Table 6.40(a): CFA 8 – Rotated Component Matrix (Principal Component Analysis with 
“Equamax” Rotation) 
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Table 6.40(b): CFA 8 – Rotated Component Matrix (Principal Component Analysis with 
“Quartimax” Rotation)
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Table 6.40(c): CFA 8 – Rotated Component Matrix (Principal Component Analysis with 
“Varimax” Rotation)
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Table 6.41(a): CFA 8 – Communalities (Principal Component Analysis with “Direct 
Oblimin” Rotation) 
 
 
  
 361 
Table 6.41(b): CFA 8 – Communalities (Principal Component Analysis with “Promax” 
Rotation) 
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Table 6.41(c): CFA 8 – Communalities (Principal Component Analysis with “Equamax” 
Rotation)
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Table 6.41(d): CFA 8 – Communalities (Principal Component Analysis with “Quartimax” 
Rotation)
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Table 6.41(e): CFA 8 – Communalities (Principal Component Analysis with “Varimax” 
Rotation) 
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Table 6.42(a): Comparison of All CFA Results for 8 Factor Solutions (Scree Plot) 
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Table 6.42(a) (Cont’d): Comparison of All CFA Results for 8 Factor Solutions (Scree Plot) 
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Table 6.42(b): Summary of CFA Results for Factors Repeating 3 to 5 Times - 8 Factor 
Solutions (Scree Plot) 
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APPENDIX G – Semi-structured Interview 
Responses  
Table 7.1: Summary of Interviewees Comments on the Main Delay Factors 
Sub- Categories Main Delay Factors Suggested Changes  
PATHOGEN 1: Practice—arising from people’s deliberate practices. 
Satisfaction 
(1) Impractical original contract 
requirements; (2) Inadequate 
original contract duration; (3) 
Impractical original contract 
duration 
According to Interviewee 1 and 13: 
Respondents during the survey may 
have understood the word "contract" 
as "tender".  
According to Interviewee 2, 3, 4. 5, 9 
and 15: Respondents during the 
survey may have understood the word 
"contract" as "contractual".  
PATHOGEN 6:   Motivation - arising from characteristics of motivation tools 
Acceleration  
(1) Lack of incentive for early 
completion by contractor; (2) 
Ineffective delay penalties 
According to Interviewee 1, 2, 
3,4,5,9,10,11,13 and 15: The first 
factor seemed more suited to a 
"post-construction" factor, therefore it 
is not suitable to this scope of study. 
It is therefore advised to be deleted. 
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Table 7.2: Validated Grouping of Main Delay Factors into Pathogens and Sub-Categories of 
Pathogens 
Sub-Categories Description Factors 
PATHOGEN 1: Practice—arising from people’s deliberate practices. 
Leading 
Pathogens arising from 
practices associated with 
leading 
Improper Project's Construction / Project manager 
leadership style 
Prioritization 
Pathogens arising from 
practices that determined 
priorities 
Late drawing approval 
Late decision making by consultant 
Late drawing preparation 
Unclear project objective 
Coordination 
Pathogens arising from 
practices to do with 
coordination 
Lack of coordination within the whole project team 
Ineffective coordination between consultant and 
project team 
Ineffective coordination between owner and 
government authorities during planning 
Ineffective coordination between contractor and the 
project team 
Ineffective coordination between owner and the 
project team 
Satisfaction 
Pathogens arising from 
practices related to satisfying 
goals, needs or targets 
Impractical original contractual requirements 
Inadequate original contractual duration 
Impractical original contractual duration 
Communication 
Pathogens arising from 
practices to do with acquiring 
or giving information 
Ineffective communication between owner and 
government authorities 
Ineffective communication between contractor and 
the project team 
Lack of communication within the whole project 
team 
Ineffective communication between owner and 
project team 
Ineffective communication between consultant and 
project team 
Procurement 
Pathogens arising from 
practices to do with procuring 
Unsuitable type of project bidding and award 
method 
Designing 
Pathogens arising from 
practices to do with designing 
or preparing drawings 
Insufficient drawing information 
Frequent changes in drawing 
Insufficient data collection and survey before 
design 
Specification 
Pathogens arising from 
practices to with specification 
Insufficient specification information 
Incompleteness of 
design/drawings/specifications/documents 
Frequent changes in specifications 
Documentation 
Pathogens arising from 
practices to with 
documentation 
Low quality of documentation 
PATHOGEN 2:  Task—arising from the nature of the task being performed 
Decision   
Pathogens arising from tasks 
to do with making decisions 
Inefficient decision making 
PATHOGEN 3:  Circumstance—arising from the situation or environment the project was operating in 
Relationship 
Pathogens arising from 
circumstances to do with the 
relationship among project 
members 
Lack of respect between project teams 
Unpleasant relationship between project team 
Aim 
Pathogens arising from 
circumstances to do with aims 
of project members 
Not having common project objective 
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Responsibility 
Pathogens arising from 
circumstances to do with 
responsibilities of project 
members 
Low sense of responsibility between project teams 
PATHOGEN 4:  Organization—arising from organizational structure or Operation 
Structure 
Pathogens arising from 
organizational structure 
Inappropriateness of overall project organizational 
structure linking all parties to the project 
Competency 
Pathogens arising from 
competency of the 
organisation member 
Incompetent consultants' project team 
Incompetent governments' project team 
Incompetent local authority technical staff 
Experience 
Pathogens arising from 
experience of organisation 
member 
Lack of consultant experience 
Lack of project design team experience 
PATHOGEN 5:   Convention - arising from conventions, standards, routines and codes of practices 
Improvement 
Pathogens arising from the 
convention of improving 
practices 
Insufficient government investment in R&D to 
improve performance and processes 
Bureaucracy 
Pathogens arising from the 
industries bureaucracy 
practices 
Ineffective bureaucracy in the government 
organisation 
Too many decision makers involved in public sector 
projects 
PATHOGEN 6:   Motivation - arising from characteristics of motivation tools 
Acceleration  
Pathogens arising from 
motivation to accelerate work 
Ineffective delay penalties 
** Abc = Adapted from Busby and Hughes (2004); Abc = Newly proposed 
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Table 7.3: Summary of Interview Responses on the Most Beneficial SCM Tools 
 
Table 7.3(a1): (Pathogen – Practice; Sub-Category – Leading; SCM Tool – Champion / 
Driving Personality) 
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Table 7.3(a2): (Pathogen – Practice; Sub-Category – Prioritization; SCM Tool – Jointly 
Agreed Goals) 
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Table 7.3(a3): (Pathogen – Practice; Sub-Category – Prioritization; SCM Tool – Profit 
Sharing Arrangement) 
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Table 7.3(a4): (Pathogen – Practice; Sub-Category – Prioritization; SCM Tool – Risk 
Sharing Arrangement) 
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Table 7.3(a5): (Pathogen – Practice; Sub-Category – Coordination; SCM Tool – Continuous 
Trainings) 
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Table 7.3(a6): (Pathogen – Practice; Sub-Category – Coordination; SCM Tool – Jointly 
Agreed Goals) 
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Table 7.3(a7): (Pathogen – Practice; Sub-Category – Coordination; SCM Tool – Pre-
Qualification using “Team Criteria” Scores) 
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Table 7.3(a8): (Pathogen – Practice; Sub-Category – Satisfaction; SCM Tool – Joint Risk 
Management) 
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Table 7.3(a9): (Pathogen – Practice; Sub-Category – Satisfaction; SCM Tool – Regular Joint 
Review) 
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Table 7.3(a10): (Pathogen – Practice; Sub-Category – Communication; SCM Tool – 
Continuous Trainings) 
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Table 7.3(a11): (Pathogen – Practice; Sub-Category – Communication; SCM Tool – Jointly 
Agreed Goals) 
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Table 7.3(a12): (Pathogen – Practice; Sub-Category – Communication; SCM Tool – Pre-
Qualification using “Team Criteria” Scores) 
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Table 7.3(a13): (Pathogen – Practice; Sub-Category – Procurement; SCM Tool – Early 
Involvement of all Supply Chain) 
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Table 7.3(a14): (Pathogen – Practice; Sub-Category – Designing / Specification; SCM Tool 
– Building Information Modelling) 
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Table 7.3(a15): (Pathogen – Practice; Sub-Category – Documentation; SCM Tool – Regular 
Joint Reviews) 
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Table 7.3(b1): (Pathogen – Task; Sub-Category – Decision; SCM Tool – Joint Strategies) 
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Table 7.3(b2): (Pathogen – Task; Sub-Category – Decision; SCM Tool – Regular Joint 
Review) 
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Table 7.3(c1): (Pathogen – Circumstance; Sub-Category – Relationship; SCM Tool – 
Continuous Trainings) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 390 
Table 7.3(c2): (Pathogen – Circumstance; Sub-Category – Relationship; SCM Tool – Jointly 
Agreed Goals) 
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Table 7.3(c3): (Pathogen – Circumstance; Sub-Category – Relationship; SCM Tool – Pre-
Qualification using “Team Criteria” Scores) 
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Table 7.3(c4): (Pathogen – Circumstance; Sub-Category – Aim; SCM Tool – Jointly Agreed 
Goals) 
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Table 7.3(c5): (Pathogen – Circumstance; Sub-Category – Responsibility; SCM Tool – 
Jointly Agreed Goals) 
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Table 7.3(c6): (Pathogen – Circumstance; Sub-Category – Responsibility; SCM Tool – 
Performance-Based Incentives) 
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Table 7.3(c7): (Pathogen – Circumstance; Sub-Category – Responsibility; SCM Tool – 
Profit Sharing Arrangements) 
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Table 7.3(c8): (Pathogen – Circumstance; Sub-Category – Structure; SCM Tool – Pre-
Qualification using “Team Criteria” Scores) 
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Table 7.3(d1): (Pathogen – Organisation; Sub-Category – Competency; SCM Tool – Joint 
Training and Development Programs) 
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Table 7.3(d2): (Pathogen – Organisation; Sub-Category – Competency; SCM Tool – Pre-
Qualification using “Team Criteria” Scores) 
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Table 7.3(d3): (Pathogen – Organisation; Sub-Category – Competency; SCM Tool – Staff 
Development) 
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Table 7.3(d4): (Pathogen – Organisation; Sub-Category – Experience; SCM Tool – Pre-
Qualification using “Team Criteria” Scores) 
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Table 7.3(e1): (Pathogen – Convention; Sub-Category – Improvement; SCM Tool – Joint 
Policy Review) 
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Table 7.3(e2): (Pathogen – Convention; Sub-Category – Improvement; SCM Tool – Risk 
Sharing Arrangement) 
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Table 7.3(e3): (Pathogen – Convention; Sub-Category – Bureaucracy; SCM Tool – Risk 
Sharing Arrangement) 
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Table 7.3(f1): (Pathogen – Motivation; Sub-Category – Acceleration; SCM Tool – Risk 
Sharing Arrangement) 
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Table 7.4(a): Summary of SCM Tool Selection (from Interview) 
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Table 7.4(a) (cont’d): Summary of SCM Tool Selection (from Interview) 
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Table 7.4(b): Grand Summary of SCM Tool Selection (from Interview) 
Sub-
Categories 
Description 
Result 
after 6 
Interviews 
Result 
after 10 
Interviews 
Result 
after 15 
Interviews 
Suggested SCM Tools 
PATHOGEN 1: Practice—arising from people’s deliberate practices. 
Leading 
Pathogens 
arising from 
practices 
associated 
with leading 
5 9 12 Champion/Driving  Personality 
1 2 3 Independent Facilitator 
0 1 2 Interface Manager 
Prioritization 
Pathogens 
arising from 
practices that 
determined 
priorities 
6 9 13 Joint Agreed Goals 
4 7 11 Profit Sharing 
5 8 11 Risk Sharing 
1 2 4 Building Information Modelling 
0 0 1 Champion/Driving  Personality 
Coordination 
Pathogens 
arising from 
practices to do 
with 
coordination 
5 7 11 
Pre-Qualification using "Team 
Criteria" Score 
4 7 10 Joint Agreed Goals 
4 7 10 Continuous Training 
1 1 2 Building Information Modelling 
1 1 1 Framework Agreement 
0 1 1 Performance-Based Incentive 
1 1 1 
Joint Training & Development 
Program 
Satisfaction 
Pathogens 
arising from 
practices 
related to 
satisfying 
goals, needs 
or targets 
3 6 10 Regular Joint Review 
4 6 9 Joint Risk Management 
0 1 2 Joint Agreed Goals 
0 1 2 Quality Circle 
1 1 1 Framework Agreement 
Communicatio
n 
Pathogens 
arising from 
practices to do 
with acquiring 
or giving 
information 
5 9 13 Joint Agreed Goals 
4 6 10 
Pre-Qualification using "Team 
Criteria" Score 
6 8 10 Continuous Training 
1 2 3 Building Information Modelling 
1 1 1 
Joint Training & Development 
Program 
Procurement 
Pathogens 
arising from 
practices to do 
with procuring 
4 6 11 
Early Involvement of all Supply 
Chain 
2 3 5 Joint Risk Management 
0 2 3 Quality Circle 
1 1 1 Regular Joint Review 
Designing 
Pathogens 
arising from 
practices to do 
with designing 
or preparing 
drawings 
5 9 13 Building Information Modelling 
1 2 3 Joint Risk Management 
0 0 2 
Early Involvement of all Supply 
Chain 
Specification 
Pathogens 
arising from 
practices to 
with 
specification 
5 9 13 Building Information Modelling 
0 0 3 
Early Involvement of all Supply 
Chain 
1 2 2 Joint Risk Management 
Documentation 
Pathogens 
arising from 
practices to 
5 9 13 Regular Joint Review 
1 2 3 Quality Circle 
2 2 2 Benchmarking 
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with 
documentatio
n 
0 1 1 Champion/Driving  Personality 
0 1 1 Joint Strategies 
PATHOGEN 2:  Task—arising from the nature of the task being performed 
Decision 
Pathogens 
arising from 
tasks to do 
with making 
decisions 
4 8 10 Regular Joint Review 
3 5 9 Joint Strategies 
1 2 3 Champion/Driving  Personality 
1 2 3 Quality Circle 
PATHOGEN 3:  Circumstance—arising from the situation or environment the project was operating in 
Relationship 
Pathogens 
arising from 
circumstances 
to do with the 
relationship 
among project 
members 
5 9 13 Joint Agreed Goals 
5 7 9 Continuous Training 
3 5 7 
Pre-Qualification using "Team 
Criteria" Score 
1 1 2 Risk Sharing 
0 1 2 Champion/Driving  Personality 
1 1 1 Framework Agreement 
0 0 1 
Joint Training & Development 
Program 
Aim 
Pathogens 
arising from 
circumstances 
to do with 
aims of project 
members 
6 10 15 Joint Agreed Goals 
1 1 1 Profit Sharing 
1 1 1 Risk Sharing 
1 1 1 Champion/Driving  Personality 
1 1 1 Independent Facilitator 
Responsibility 
Pathogens 
arising from 
circumstances 
to do with 
responsibilitie
s of project 
members 
5 7 11 Joint Agreed Goals 
3 7 10 Profit Sharing 
4 6 9 Performance-Based Incentive 
1 2 3 Risk Sharing 
1 1 1 Framework Agreement 
PATHOGEN 4:  Organization—arising from organizational structure or Operation 
Structure 
Pathogens 
arising from 
organizational 
structure 
6 10 14 
Pre-Qualification using "Team 
Criteria" Score 
1 2 3 Pre-Qualification Rating 
1 2 2 "Relational Index" Measurement 
1 1 1 Framework Agreement 
Competency 
Pathogens 
arising from 
competency of 
the 
organisation 
member 
5 9 12 
Pre-Qualification using "Team 
Criteria" Score 
5 7 9 
Joint Training & Development 
Program 
3 5 9 Staff Development 
2 2 4 Continuous Training 
1 2 2 Pre-Qualification Rating 
Experience 
Pathogens 
arising from 
experience of 
organisation 
member 
5 9 14 
Pre-Qualification using "Team 
Criteria" Score 
1 3 4 Pre-Qualification Rating 
1 1 4 Joint Strategies 
1 2 2 Staff Development 
1 2 2 
Joint Training & Development 
Program 
PATHOGEN 5:   Convention - arising from conventions, standards, routines and codes of practices 
Improvement 
Pathogens 
arising from 
the convention 
of improving 
practices 
4 6 9 Risk Sharing 
3 6 8 Joint Policy Review 
2 3 4 
Joint Research and 
Development 
1 1 3 Benchmarking 
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1 1 2 Joint Strategies 
2 2 2 Joint Risk Management 
1 1 1 
Joint Training & Development 
Program 
0 1 1 Profit Sharing 
0 1 1 Quality Circle 
Bureaucracy 
Pathogens 
arising from 
the industries 
bureaucracy 
practices 
6 9 14 Risk Sharing 
2 2 3 Benchmarking 
0 1 2 Champion/Driving  Personality 
0 1 1 Profit Sharing 
PATHOGEN 6:   Motivation - arising from characteristics of motivation tools 
Acceleration 
Pathogens 
arising from 
motivation to 
accelerate 
work 
6 10 14 Risk Sharing 
2 4 6 Profit Sharing 
1 2 5 Performance-Based Incentive 
1 1 2 Framework Agreement 
1 2 2 Benchmarking 
1 1 1 Incentive-Based Compensation 
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Table 7.5: Framework that Utilizes Beneficial SCM Tools to Reduce Delays in Malaysian 
Public Sector Building Projects (Research Final Framework) 
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